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TRANSURETHRAL RESECTION AND OPEN 
PROSTATECTOMY 


A Consideration Based on Ten Years of Experience 


With Transurethral Resection 


JOHN L. EMMETT, M.D., Rochester, Minnesota 


N articles which have appeared from time 
to time, the attempt has been made to 
compare transurethral prostatic resec- 
tion with suprapubic and perineal pros- 

tatectomy. The authors of these articles have 
tried to present a fair and conscientious analy- 
sis of the problem. Unfortunately, however, 
the deductions that have been drawn require 
clarification in the minds of physicians through- 
out the nation. In attempting to evaluate any 
data on this subject, the discerning investi- 
gator will do well to remember that it is er- 
roneous to assume that the results of any type 
of operation are entirely satisfactory in 100 
per cent of cases. This applies to prostatic 
operations as well as to operations on other 
parts of the body. 

From the experience of the past 10 years in 
any large medical center, it would be possible 
to collect data on a substantial number of 
cases, a few hundred perhaps, in which pros- 
tatectomy had been performed after trans- 
urethral resection had yielded imperfect re- 
sults or symptoms had recurred. A first im- 
pression then would be that the incidence of 
imperfect results or recurrent symptoms after 


From the Section on Urology, Mayo Clinic. 
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transurethral resection is relatively high. When 
the enormous number of transurethral resec- 
tions that had been done throughout the na- 
tion during this period was considered, how- 
ever, this figure would be considerably less im- 
posing than at first it had appeared. For in- 
stance, at the Mayo Clinic alone during the 
period of 10 years from 1933 to 1942 inclusive, 
8,954 transurethral resections were performed 
in 8,422 cases. 


TRANSURETHRAL RESECTION FOLLOWING 
OPEN PROSTATECTOMY 


Before an attempt is made to compare 
transurethral resection with open prostatec- 
tomy, it might give balance to the subject to 
discuss the incidence of, and the reasons for, 
poor results and recurring symptoms follow- 
ing open prostatectomy. The incidence is 
higher than is generally realized (1). 

For instance, during the 10 year period (1933 
to 1942 inclusive) at the Mayo Clinic trans- 
urethral resection was performed on 102 pa- 
tients on whom suprapubic or perineal pros- 
tatectomy had been performed previously, 
either at the clinic or elsewhere. The tissue 
removed from 66 of these patients was benign, 
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TABLE I.—INTERVAL BETWEEN OPEN PROSTA- 
TECTOMY AND SUBSEQUENT TRANSURE- 
THRAL RESECTION 


Cases in which Cases in which 


Interval resection disclosed resection disclosed 
years malignant tissue benign tissue 

Less than f. .....00. 7 8 
ee Orecasverenewes 2 12 
ORES briweeaenune 3 3 
SO ake nesrae saws 2 5 
Sc cnteccaners 6 7 
Sere II 19 
CINE 065 s05e wee 4 4 
More than 20....... e} 38 

ES anpwe wens 36 66 


while that removed from 36 was malignant. 
Of the 36 cases in which the tissue was malig- 
nant it will be seen (Table I) that in 16 the 
open prostatectomy had been done more than 
10 years before the transurethral resection. It 
must be assumed, therefore, that the original 
prostatectomy no doubt had been done for 
benign prostatic hyperplasia. This would tend 
to dispel the prevalent idea that so called 
total prostatectomy necessarily gives protec- 
tion from subsequent development of a car- 
cinoma of the prostate gland. It also will be 
noted that in 7 of the 36 cases resection was 
performed within less than a year after pros- 
tatectomy. Fourteen of the 36 patients had 
suffered from their obstructive symptoms con- 
tinually since prostatectomy. The immediate 
results of transurethral resection in these 
cases were gratifying. Excellent results were 
secured in 29 cases. The condition of 3 pa- 
tients was definitely improved, while the re- 
sults in 2 cases were poor. One patient died 
after operation and in another case the result 
was not noted on the record. 

In the 66 cases in which the tissue removed 
at transurethral resection was benign, the in- 
terval between prostatectomy and subsequent 
resection varied greatly (Table I). In 31 of 
these cases, prostatectomy had been done 
more than 10 years previously. In the major- 
ity of the cases, the prostatectomy had been 
performed by a surgeon who was well trained 
in prostatic surgery; therefore, it must be as- 
sumed that the enucleation had satisfactorily 
approached completeness in most cases. In 20 
cases the open prostatectomy had been per- 
formed less than 2 years previously, while in 
8 other cases the interval was larger but the 


prostatectomy had been performed less than 
5 years previously. In these 28 cases the re- 
sults of prostatectomy can definitely be classi- 
fied as unsatisfactory. The most common 
symptom in these 66 cases was recurring uri- 
nary obstruction, although hematuria and a 
persistently draining suprapubic sinus were 
observed in an appreciable number of cases 
(Table IT). 

The duration of symptoms following open 
prostatectomy is recorded in Table III. It is 
interesting to analyze the reasons for the per- 


sistence or recurrence of symptoms after pros- 


tatectomy in this group of 66 cases. In 23 of 
the 66 cases, the pathologic condition found at 
the vesical neck was postoperative cicatriza- 
tion or contraction (Table IV). The scar tis- 
sue in many of these cases was very dense and 
firm, and grossly it suggested carcinoma. In 
the remaining 43 cases, the obstruction was 
produced by varying amounts of adenomatous 
tissue. Postoperative scarring of the vesical 
neck apparently may occur rapidly, that is, 
within just a few months, or it may not be- 
come evident for many years. For instance, in 
12 of the 23 cases in which postoperative cica- 
trization or contraction of the vesical neck 
was found, prostatectomy had been performed 
more than 10 years previously. The substan- 
tial amount of adenomatous tissue removed in 
cases in which prostatectomy had been per- 
formed from only a few months to 5 years 
previously is proof that adenomatous tissue 
may be left behind at open prostatectomy as 
well as at transurethral resection. 

The most important consideration, how- 
ever, is the result obtained with transurethral 
resection in these 66 cases. In 50 cases, the 
results were excellent, and in 13 cases the con- 
dition of the patients was greatly improved. In 


TABLE II.—TRANSURETHRAL RESECTION IN CA- 
SES IN WHICH OPEN PROSTATECTOMY HAD 
BEEN PERFORMED PREVIOUSLY: SYMPTOMS 
IN CASES IN WHICH RESECTION DISCLOSED 
BENIGN TISSUE 

Symptoms Cases 

eee 52 

Urinary obstruction and hematuria.......... 


Urinary obstruction and incontinence........ 
Persistent suprapubic sinus................. 








ry fF TH wt ht OS OS ee 


—- a a wee tte Oe UlUcrrelCUk 








EMMETT: TRANSURETHRAL RESECTION AND OPEN PROSTATECTOMY 451 


I case a poor result was obtained, and in 1 
case the patient died after the operation. In 1 
case the result was not noted on the record. 
It can be honestly stated, therefore, that in 
the great majority of cases in which urinary 
symptoms occur after open prostatectomy, 
complete relief can be obtained by a properly 
executed transurethral resection. 


COMPLETE AND INCOMPLETE TRANS- 
URETHRAL RESECTION 


The opinion has been expressed by advo- 
cates of open prostatectomy that transurethral 
resection is an incomplete, unsurgical type of 
operation. It is further stated that, owing to 
its incompleteness, its results are not good, 
particularly that the incidence of recurrent 
obstruction is too high to justify its being rec- 
ommended to patients suffering with prosta- 
tism. 

Any attempt to evaluate accurately the re- 
sults of any type of prostatic operation in a 
series of cases is at best discouraging. Inter- 
pretation of questionnaires, clinical impres- 
sions, and prejudice defeat even the most hon- 
est medical statistician. For instance, a re- 
sult classified as good by one physician might 
be called fair or poor by another. Standards 
of measurement in judging the results of pros- 
tatic surgery are notoriously inaccurate. For 
this reason I suggest that this evaluation 
should be made by the patient, by his refer- 
ring physician, by his associates. After all, re- 
gardless of what physicians honestly believe, 
in the end patients are the severest critics 
and stamp methods and results with approval 
or disapproval. 


TABLE III.—DURATION OF SYMPTOMS AFTER 
OPEN PROSTATECTOMY AND PRIOR TO 
TRANSURETHRAL RESECTION 


Cases in which Cases in which 
resection disclosed resection disclosed 

Duration of symptoms malignant tissue benign tissue 

Not noted in history..... I 7 

Continuous since previous 
prostatectomy........ 
Less than 1 year........ 
So are 
SOS I ois sti meses 
c.f | See 
5 OP CO WONG. . sin cin cess 
| ee 


~ 


“oun of 


27 
I2 
5 
5 
6 
I 
a 
66 


TABLE IV.—CASES IN WHICH OPEN PROSTA- 
TECTOMY HAD BEEN PERFORMED PRIOR 
TO TRANSURETHRAL RESECTION: TYPE OF 
OBSTRUCTION AT VESICAL NECK IN CASES 
IN WHICH RESECTION DISCLOSED BENIGN 


TISSUE 
Type of obstruction Cases 

Postoperative cicatrization or contracture...... 23 

Adenomatous tissue. 
NG ois bs hivo 5s 050s oe OSC RODEN. 2 
NG 25 4-0 est Nix dia 30 os Sone N Wee eewieded 8 
NG si cncavus < 6% srickeeeesakewares 19 
I er nce cane sienieca onset es buurten II 
PE IID os onc obese ewe duccinaen _3 
WE slo Spb sn en ao wae Peau 66 


The response of laymen to the operation 
should be one excellent method of determining 
if the results are satisfactory. For instance, 
the largest number of open prostatectomies 
ever done at the Mayo Clinic in any one year 
was in 1929. In that year, the 271 open pros- 
tatectomies' performed represented only 0.3 
per cent of the total clinic registration for that 
year, whereas in 1942, 1,233 patients under- 
went transurethral prostatic resection, which 
represented 1.4 per cent of the total number 
of patients registered during that year. These 
figures should be significant. Not only the 
number, but also the percentage, of clinic pa- 
tients on whom a prostatic operation has been 
performed has more than quadrupled and 
therefore cannot be accounted for by the in- 
crease of the general registration. I have looked 
through many of the records of patients sub- 
jected to suprapubic prostatectomy during 
the 1920’s and am unable to see that prostatic 
operations are being done on slighter indica- 
tions than formerly. An honest evaluation of 
the situation must lead to the conclusion that 
patients are apparently more satisfied with 
transurethral resection than they were with 
open prostatectomy. They have talked to 
their friends who have been cared for by this 
new procedure, have observed the results, 
have heard of their experiences in the hos- 
pital, have discussed the problem with their 
family physicians and have elected to have 
this operation performed. 

A brief review of some experiences with 
transurethral resection at the clinic during the 


1Twenty-eight were perineal prostatectomies and 243 were suprapubic 
prostatectomies. 
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past 10 years may help in appraising the status 
of this operation in relation to other types of 
prostatic surgery. Before making such an ap- 
praisal, however, it should be emphasized that 
any statistical comparison tends to favor open 
prostatectomy because we accept patients for 
transurethral resection who are considered to 
present too great a risk for prostatectomy and 
they often are refused open operation. Unless 
a patient is mentally deranged or moribund, 
we seldom refuse to perform transurethral re- 
section if it is otherwise indicated. In reading 
the following brief summary of our experience 
with transurethral resection, therefore, it must 
be remembered that the experience includes 
an almost unselected group of patients and a 
large number of “poor risk patients” who 
never would have been accepted for the oper- 
ation of open prostatectomy. 

An excellent opportunity is afforded for 
study of so called incomplete and so called 
complete transurethral resections by review- 
ing our experience at the clinic for the 10 year 
period 1933 to 1942, inclusive. In 1934, at the 
clinic, 696 transurethral resections were per- 
formed on 630 patients. In no instance was 
more than 55 grams of tissue removed at one 
stage and, in 87 per cent of the resections, 
less than 35 grams was removed. Of these 696 
resections, 64 (9.1 per cent) were second resec- 
tions, which were done while the patients were 
still in the hospital because insufficient tissue 
had been removed to allow the patient to 
empty his bladder. These figures can be com- 
pared with the year 1942, during which 1,276 
resections were performed on 1,233 patients. 
Of this number of resections only 43 (3.4 per 
cent) were second resections or planned two- 
stage procedures, done while the patient was 
still in the hospital. During 1942 more than 
50 grams of tissue was removed (in one stage) 
in 217 cases and more than 100 grams in 13 
cases. The largest amount of tissue removed 
at one stage during this year was 141 grams. 
The mortality rate based on patients in 1934 
was 0.3 per cent. In 1942 it was 1.1 per cent. 
An interesting story can be read in the com- 
parison of these 2 years’ work. It is evident 
that many of the resections in the earlier years 
were incomplete and, from this, it must be ex- 
pected that some of these patients have re- 
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quired, or will require, a further prostatic 
surgical operation. It is remarkable, however, 
how well the majority of patients have got 
along with these so called incomplete resec- 
tions. Possibly it is not justified to ridicule the 
early statements of the pioneers in resection 
that only the obstructive portion of the pros- 
tate gland need be removed. The immediate 
results of the early, incomplete type of resec- 
tion were not all that was to be desired, in that 
pyuria and some frequency and dysuria per- 
sisted for some weeks after operation. How- 
ever, the patients were able to empty their 
bladders and, in most cases, became almost 
free of symptoms within 4 to 10 weeks after 
operation. 

A sufficient interval subsequent to that per- 
iod now has passed that it is possible to begin 
to evaluate the late results of the so called in- 
complete resections. It is impossible at this 
writing to state how many patients on whom 
transurethral resection has been performed at 
the clinic have found it necessary to submit to 
a subsequent prostatic operation. These data 
can be secured only from a complete follow-up 
with letters of inquiry. At present such a 
study is under way, and its results will be re- 
ported at some future time. It is interesting, 
however, to note the number of patients who 
have returned to the clinic requiring a further 
prostatic operation after a transurethral re- 
section done at the clinic previously. This in- 
formation is contained in Table V. In this 
table is shown the number of patients on 
whom transurethral resection was performed 
for the first time at the clinic in each year from 
1933 to 1942, inclusive. In the adjacent col- 
umn is listed the number of patients who have 
returned at any time since the original oper- 
ation for a subsequent transurethral resection. 
If one excludes the cases of carcinoma of the 
prostate (this subject has been reviewed com- 
pletely by Thompson), it will be noticed that 
the percentage of recurrent operations since 
1935 has been surprisingly low. The percent- 
age is certainly much lower than has been 
supposed by critics of the operation who sug- 
gest that patients must “return every year or 
so for the removal of a little more tissue.” 

In evaluating Table V, the time interval 
since the first resection must be taken into 
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c TABLE V.-NUMBER OF PATIENTS ON WHOM TRANSURETHRAL PROSTATIC RESECTION WAS 

3 PERFORMED FOR THE FIRST TIME AT THE MAYO CLINIC IN EACH YEAR FROM 1933 to 1942, 

t INCLUSIVE, AND THE NUMBER AND PERCENTAGE OF THESE PATIENTS WHO HAVE RETURNED 

’ TO THE CLINIC FOR SUBSEQUENT TRANSURETHRAL RESECTION 

Total Benign Malignant 

— New Re- Per New Re- Per New | Re- Per 

* patients turned cent patients turned cent patients | turned cent 

7 1033 432 690 16.0 382 55 14.4 50 14 28.0 

} 1034 607 100 16.5 537s 69 12.8 7 | 31 44.3 
1935 653 s4 | 83 577 4r 7.1 76 20 | as 17-1 
1936 712 50 7.0 623 27 4:3 89 23 25.8 
1937 741 30 4.0 650 13 2.0 82 17 20.7 
1938 872 25 2.9 771 12 | 1.6 Ior 13 12.9 
1939 946 28 3.0 828 10 5.2 118 | 18 15.3 
1940 922 12 1.3 803 7 | 0.9 119 5 4.2 
1941 | 945 10 I.t 814 4 } 0.5 131 6 4.6 
1942 | 1,174 | ° habs 1,009 | ° area 165 ° 
Total 8,004 378 4-7 7,003 | 238 3-4 1,001 140 14.0 














consideration, so that as years pass the per- ger is in the rectum. Technical‘difficulties oc- 
centage of recurrent operations for the various casionally may arise that will require termina- 
years will vary. However, we are now from 6 __ tion of the operation before it is entirely com- 
to 10 years removed from the earlier so called pleted. A patient’s general condition may be 
incomplete type of resection of the period so precarious that a rapid partial operation, 
from 1933 to 1937, inclusive. Even for this such asa palliative procedure, is all that is jus- 
period, in only 7.4 per cent of the cases in tified. A live patient after an incomplete re- 
which the tissue removed at the first trans- section, who is able to void reasonably well, is 
urethral resection was benign did the patient preferable to a dead patient after a complete 
return to the clinic for subsequent resection. enucleation, whether it is done by transure- 
If one eliminates the years 1933 and 1934 thral or open operation. Moreover, patients 
(which were in reality the first 2 years in who have found it necessary to return after 4 
which transurethral resection was given seri- to 10 years for another transurethral resection 
ous trial at the clinic) the percentage of subse- are a satisfied and appreciative group of pa- 
quent operation on patients whose original tients. They regard further transurethral op- 
operation was done in 1935, 1936, or 1937 has_ eration as a comparatively minor procedure 
been only 4.4 per cent. In the past few years, and accept it without fear or concern. 

owing to improved instruments and technique There is no doubt that the main factor in 
we have been approaching a relatively com- recurring symptoms is incomplete removal of 
plete enucleation in a large percentage of our tissue, but this is by no means the only one. 
resections, so that the patients returning for Many patients have enjoyed normal lives, free 
subsequent resection no doubt will gradually of urinary symptoms for 10 years or longer, 
dwindle to an insignificant number. In my nd are still free of symptoms after an incom- 
opinion, however, a few patients always will plete resection performed years ago. There 
return from time to time, as it is practically seems to be no doubt that so called complete 
impossible for even the most experienced sur- removal of the adenomatous tissue is desir- 
geon to perform a perfect resection in every able and guarantees the best immediate and 
case. Judgment is not infallible during oper- late results. Nevertheless, it should also be 
ation, so that nodules of adenomatous tissue appreciated that such a complete enucleation, 
may be overlooked even when a palpating fin- performed transurethrally, carries more oper- 
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ative risk than a less thorough operation. The 
expert resectionist is the surgeon who can per- 
form practically a prostatectomy and yet 
leave a thin shell of tissue to protect the vas- 
cular capsule. This is the most difficult fea- 
ture of the operation and the one which re- 
quires a long period of apprenticeship to se- 
cure proficiency. 

It is interesting to know why patients re- 
turn for further resection. For instance in the 
year 1942, of 1,276 resections performed 58 
were done on patients on whom resection had 
been performed previously at the clinic. In 10 
of these cases the prostatic tissue was malig- 
nant. In the remaining 48 cases, tissue re- 
moved at the original and subsequent resec- 
tions was benign. From a study of these cases 
it is evident that the outstanding symptoms 
are hematuria and obstruction. In the 48 
cases in which the tissue was benign and the 
patients returned, 27 patients complained only 
of symptoms of obstruction; 7, of hematuria 
only and the remaining 14, of hematuria and 
symptoms of obstruction. The bleeding in 
nearly all cases originates in eroded prostatic 
tissue. In the majority of cases, in between 
episodes of bleeding, the patient’s urine is 
clear and his urinary function is normal. Most 
important for the profession to realize, how- 
ever, is that these patients who have persist- 
ent or recurring symptoms can be relieved of 
their trouble completely by transurethral re- 
section in a very high percentage of instances. 
It is not necessary to perform open prostatec- 
tomy on them. For example, of the 48 pa- 
tients under discussion, 43 were completely re- 
lieved of their symptoms, while the condition 
of the 5 remaining was definitely improved. 


THE LARGE PROSTATE GLAND 


Before the subject of incomplete resection is 
left, the question of transurethral resection 
and the large prostate gland needs frank dis- 
cussion. It has been asserted that the large 
prostate should not be subjected to this oper- 
ation because complete removal of tissue can- 
not be secured at one sitting, the results are 
not good, and the mortality rate is excessive. 
When one speaks about a large prostate gland, 
the discussion is immediately on an inaccu- 
rate, unscientific basis. A prostate gland 
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which seemed large to a surgeon in his early 
experience of resection might seem later of 
only moderate size. At the present stage of 
resection and of the development of resecto- 
scopes, a surgeon who has reasonable expe- 
rience is able to remove, easily and comfort- 
ably, roo grams of tissue in an operating per- 
iod of 45 to 60 minutes, which is generally con- 
sidered the maximal time a patient should be 
kept on the operating table. Many surgeons 
have reported much greater weights of tissue 
removed; nevertheless, it is conservative to 
state that removal of 100 grams of tissue at 
one sitting can be expected of transurethral 
prostatic resection at its present stage of de- 
velopment (3). If it is recalled that only about 
7 per cent of enlarged prostate glands weigh 
more than 100 grams (2), the problem under 
discussion is further limited. I believe that, 
in the case of prostate glands which weigh 
more than 100 grams, the critics of resection 
may have a logical argument which must be 
given serious consideration. They state that 
if multiple operations in these cases in which 
the glands are large are necessary, the subse- 
quent loss of blood, morbidity, and mortality 
rate do not give the procedure any preference 
over open operation and that one might just 
as well perform suprapubic or perineal enu- 
cleation of the adenomatous tissue. It must 
be admitted that the latter would be an easier 
procedure as far as the surgeon is concerned. 

I have no quarrel with the surgeon who finds 
it the best procedure to care for 85 per cent of 
enlarged prostate glands by transurethral re- 
section and 15 per cent by open operation. 
Various factors, however, should be kept in 
mind. For instance, of the 8,465 transurethral 
operations! performed at the clinic from 1933 
to 1942, inclusive, the mortality rate among 
patients from whom more than 70 grams of 
tissue was removed was 2.6 per cent as com- 
pared with a mortality rate of 1.2 per cent for 
the entire series. This figure may or may not 
be of statistical importance in such a series, 
but it would tend to suggest that the larger 
the gland the greater the operative risk. How- 
ever, the mortality rate is still much less than 
the average mortality rate for the suprapubic 


1An operation consists of one or more resections done during the same 
admission (within 30 days). 
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or perineal operation. There is another con- 
fusing factor. It is extremely difficult to judge 
accurately the size of a prostate gland, even 
after the most careful cystoscopic and digital 
rectal examination. A prostate gland that 
seems huge often will weigh less than 70 or 80 
grams, whereas one that appears only moder- 
ate in size may weigh several hundred grams. 
Often this is not realized until after the resec- 
tion is in progress, as the tissue may be located 
away from the urethra and not in the direction 
of the rectum. Still another factor enters into 
the situation. The size of the prostate gland 
does not necessarily determine the difficulty of 
the resection. The contour of the adenoma- 
tous enlargement is very important, as a large 
gland may often be an extremely easy one to 
resect, while asmaller one may tax the ability of 
the resectionist. It is apparent, therefore, that 
if it is desired to select a certain proportion of 
patients for open prostatectomy, the problem 
is not as simple as it appears. 


“TYPES”? OF GLANDS 


Another matter is in need of explanation. 
In previous years, during the various stages of 
development of transurethral resection, men 
interested in this field have written statements 
about the types of prostatic lesions that are 
suitable or not suitable for resection. These 
statements have only confused members of the 
medical profession and were merely an expres- 
sion of the writers’ ability at certain stages of 
their experience. As experience grew, how- 
ever, it was realized that there were more and 
more so called types of prostate glands that 
could be treated by this method. After an ex- 
perience in many thousands of cases, it is our 
honest opinion at the clinic that almost any 
prostate gland can be resected successfully. 
The question of the very large prostate gland 
I have already discussed. The presence of 
prostatic calculi is no contraindication to 
transurethral resection. They can be removed 
easily and as completely as necessary to secure 
a perfectly satisfactory result. 


MORTALITY AND MORBIDITY 


If one takes into consideration the number 
of patients who die after preliminary supra- 
pubic drainage, as well as those who die after 


actual enucleation of the prostate gland, the 
mortality rate of prostatectomy is fairly sub- 
stantial. In addition, those patients whose 
renal function never improves sufficiently af- 
ter suprapubic drainage to allow them to be- 
come candidates for prostatectomy must be 
borne in mind. Patients who would not be ac- 
ceptable for prostatectomy can be, and are, 
submitted to transurethral resection. This 
must be remembered when prostatectomy and 
transurethral resection are being compared. 
Our transurethral resection service at the clin- 
ic is comparable to most transurethral resec- 
tion services at other clinical centers where re- 
section is the operation of choice; thus, our 
service may be taken as an example. For in- 
stance, on this service suprapubic drainage is 
almost never employed. Preoperative prepa- 
ration, when necessary, nearly always takes 
the form of drainage by urethral catheter 
Tests of renal function other than determina- 
tion of the blood urea rarely are found neces- 
sary. Long periods of preoperative prepara- 
tion are unusual. Postoperative hospitaliza- 
tion also has been dramatically reduced by 
transurethral resection. For instance, among 
the 8,422 patients on whom resection was per- 
formed at the clinic from 1933 to 1942 inclu- 
sive, the average postoperative stay in hospi- 
tal was only 8.6 days. There has been a rad- 
ical change in the wards for prostatic cases. 
Instead of patients lying in bed for weeks, 
rivaling only the orthopedic wards for length 
of stay in hospital, the ward for prostatic pa- 
tients on the transurethral resection service 
now has a rapid turnover, comparable to that 
of wards serving patients who have undergone 
minor surgical procedures. Add to this the 
consistently low mortality rate of resection 
and it must be admitted that transurethral re- 
section has a great deal to offer; no wonder 
that laymen are beginning to demand it as the 
procedure of choice for obstruction at the 
vesical neck. 

My colleagues and I are extremely gratified 
with the immediate results of transurethral re- 
section. Now that we are doing a more or less 
complete resection in each case, the postoper- 
ative course is usually uneventful. The aver- 
age postoperative course is approximately one 
week in the hospital and one week as an out- 
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patient at the clinic. When the patient is dis- 
missed from the clinic on the twelfth to four- 
teenth postoperative day, his urinary function 
usually is normal aside from the necessity of 
passing urine from one to three times a night 
and aside from the fact that the urine is slight- 
ly hazy. We feel certain that these results far 
surpass those that were obtained in the days 
when open prostatectomy was the procedure 
of choice at the clinic. 


THE PRESENT AND THE FUTURE 


The present status and the immediate fu- 
ture status of the procedure seem obvious. In 
spite of the fact that transurethral resection is 
still in its developmental stage, it has been ac- 
cepted wholeheartedly by laymen. They are 
beginning to demand the procedure and this 


demand will grow as the general surgical tech- 
nique throughout the country improves with 
increasing experience. The tremendous in- 
crease of volume of prostatic surgery is occur- 
ring principally in the centers where trans- 
urethral resection is the procedure of choice. 
The wise surgeon will still do well to perform 
the operation which in his hands will give the 
patient best results, but men of the younger 
generation who are interested in prostatic 
surgery should seek to acquire ability in the 
field of transurethral resection. 
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DIFFUSION AND LOCALIZATION OF EXPERIMENTAL 


INFECTIONS OF THE PERITONEUM 


BERNHARD STEINBERG, M.D., and RUTH A. MARTIN, M.T., Toledo, Ohio 


N a previous communication (8) it was in- 
dicated that exudate drawn from mid- 
peritoneal cavity offered a representative 
picture of the infectious state throughout 

the rest of the peritoneum. This observation 
had been made during a study of peritoneal 
exudate which was found to have characteris- 
tics of diagnostic and prognostic value. No 
further investigation of the mechanism which 
rendered the midperitoneum representative 
wasattemptedatthattime. It wasbelieved,how- 
ever, that the implications of the observation 
were rather significant. There was an implied 
inference that diffusion of bacteria and a uni- 
form cell response occur in the peritoneal cav- 
ity from the onset of a peritoneal infection. 
There was a further connotation that the in- 
fection was distributed fairly uniformly over 
the peritoneum throughout the course of the 
disease. These deductions are contrary to ex- 
isting concepts. The prevailing current view 
pictures a peritoneal infection as spreading 
from a focus, involving larger and larger areas 
of the peritoneum with the body trying to 
hold back the onrushing flood of bacteria. Dif- 
fusion of an infectious process throughout the 
peritoneum is assumed to hold a poor progno- 
sis for the patient. On the other hand, reten- 
tion of the process to a limited area is indica- 
tive of recovery. Experiences in surgery of the 
abdominal cavity where pools of exudate may 
be discovered amidst relatively normal peri- 
toneum would seem to militate further against 
acceptance of our deductions. An analysis of 
the concept of a spreading peritoneal infection 
pushing against a defense barrier discloses that 
little or no factual demonstration exists to 
support it. The view is derived largely from 
inferences of end-results observed at surgical 
procedures and necropsies. The inadequate 
study of the subject is due probably to the dif- 
ficulty in reproducing a progressing inflamma- 
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tion of the bowel wall that would result in per- 
foration and peritoneal infection. An approach 
to the problem was made by Bergh, Bowers, 
and Wangensteen, who induced perforations 
at various levels of the gastrointestinal tract. 
These investigators studied the relation of size, 
location of perforation, presence or absence of 
food within the bowel, to the bacteriologic con- 
tent of the peritoneal cavity, severity of infec- 
tion and rate of survival. This interesting 
study revealed that the local and general de- 
fense mechanisms are pitted against variable 
factors which include the site and size of per- 
foration, duration of its patency, content and 
character of food and motor activity of the in- 
testinal tract. My coworkers and I reported 
in a series of investigations the progressive 
peritoneal changes (11), the systemic effects 
(10), and the stages (6) of a peritoneal infec- 
tion. Information obtained from these experi- 
ments constitutes the background which aided 
us in some of the interpretations made in the 
present study. 

The present investigation was undertaken 
to ascertain the mechanism of diffusion of a 
peritoneal infection derived from a progres- 
sively developing perforating lesion of the gas- 
trointestinal tract. Several possible methods 
suggested themselves. Ligation of a dog’s ap- 
pendiceal appendage and its circulation with- 
out additional treatment did not constitute a 
satisfactory procedure for this study. The ex- 
perience of most investigators as well as ours 
disclosed that a large proportion of the animals 
so treated circumscribe the lesion without in- 
volving the peritoneum in general. Obviously, 
the method as such did not fulfill the require- 
ments of the experiment. Bower, Burns and 
Mangle, by administering castor oil to dogs 
immediately after or 24 hours following liga- 
tion of the appendiceal appendage and its cir- 
culation, succeeded in producing diffuse peri- 
tonitis and death in a very large percentage of 
the animals. Our investigations resulted in 
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TABLE I.—OUTCOME AFTER LIGATION OF AP- 
PENDICEAL APPENDAGES AND THEIR BLOOD 
SUPPLY. IODIZED OIL AND AIR WERE INJECT- 
ED INTO THE LUMINA OF THE APPENDAGES 


Outcome of 
animals 


No. of 
animals 











5 3 killed in 16, 18, and 20 hours, respectively, after ligation. 
| > killed in 30 and 36 hours, respectively. No peritoneal in- 
fection. Appendix circumscribed or perforation had not 
occurred. 
Diffusion between 16 and 24 hours. All died i in 22 to 47 hours 
after operation. 


4* 











II Digfusion within 18 to 23 hours in all animals. 4 anbmals killed 
within 4 hours after perforation. 4 animals killed within 12 
to 24 hours after operation. 2 animals killed in 36 and 48 
hours after perforation. One animal killed 8 days after per- 
foration. 

6 ‘gkilledia : 17, 19, and 24 hours, respectively, after ligation ond 
before perforation. In 3, appendages were circumscribed. 
One killed in 4 days; 1 in 5 days; 1 in 6 days. 





I Diffusion on 3d day, killed on 6th. 

















*Two of the animals received also castor oil by mouth. 


similar findings. A further study of the mech- 
anism indicated that the action of castor oil 
was due to an increased intestinal motor activ- 
ity and a greater intralumen tension on the wall 
of the bowel. Because of the increased pres- 
sure on the gangrenous wall, perforation and 
disintegration occurred before the body’s de- 
fenses were completely mobilized. The greater 
death rate among the animals which received 
castor oil immediately after appendiceal liga- 
tion (2) also points to that explanation. In 
further testing this concept, we injected air 
into the lumen of the appendiceal appendage 
after ligating it at its base. The mortality of 
the animals was as great as that with castor 
oil. On the basis of these findings, we adopted 
for our investigation the procedure of appendi- 
ceal ligation and injection of air into its lumen 
with or without administration of castor oil. 


METHODS AND RESULTS OF INVESTIGATION 

The first phase of the investigation was per- 
formed on 27 dogs in groups of 3 to 5 animals 
at a time. The appendiceal appendage with 
its circulation was ligated through a midline 
abdominal incision. Radiopaque iodized oil in 
1.5 and 2.5 cubic centimeter quantities was in- 
troduced into the lumen through the wall of 
the appendage. The oil served the purpose of 
outlining the appendage on roentgenograms. 
By this procedure, it was possible to determine 
the time of perforation and the degree and 
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character of spread of the infection through- 
out the peritoneal cavity. In some of the ani- 
mals, 1 cubic centimeter of an 18 hour culture 
of virulent Bacillus coli and in others 2 to 5 
cubic centimeters of feces were added to the 
iodized oil. Before injection of the feces, it 
was strained and suspended in normal salt so- 
lution. In 18 of the animals, 5 to 20 cubic 
centimeters of air were injected into the lumen 
of the appendiceal appendage. Other animals 
were given in addition 60 cubic centimeters of 
castor oil by mouth immediately after the op- 
eration. 

The volume of air injected into the lumen 
of the appendiceal appendage was limited by 
the capacity of the organ. More than 20 cubic 
centimeters of air resulted in leakage through 
the point of injection. In some of the append- 
ages, leakage reduced the air content to ap- 
proximately 10 cubic centimeters or less. Asa 
rule, there was a tendency for a greater air 
content to induce a more rapid perforation. 

Fluoroscopic observations and roentgeno- 
grams were made at regular intervals. The 
air was found to be retained in the lumen in 
slightly diminishing volumes for 24 to 36 hours. 
Correlations were made between the time of 
disintegration of the wall, the diffusion of the 
contents, and the extent of their spread. Some 
of the animals died within 47 hours. Other 
animals were killed at intervals which were 
correlated to the time of perforation and ex- 
tent of diffusion. Studies of the exudate were 
made from several parts of the peritoneal cav- 
ity. Smears were obtained from the pelvis, the 
right and left iliac regions, center of the abdo- 
men, wall of the appendiceal appendage, left, 
right, and center of the diaphragmatic regions. 
Bacteria and cells were counted in 20 oil im- 
mersion fields and an average obtained for 
each of the regions. Those animals that sur- 
vived for longer periods were killed after the 
6th day and similar studies were performed on 
them 

In 2 animals, all the steps of the operative 
procedure employed on the other dogs except 
for ligation of the appendiceal appendage and 
its circulation were carried out. An animal 


was killed at 12 hour intervals and studies 
were made on the peritoneal fluid taken from 
various parts of the cavity. 
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Fig. 1. Rapidity and extent of diffusion of appendiceal contents from a perforated 
appendiceal appendage in a dog. a, left, The appendiceal appendage and its circulation 
were ligated and 2.5 cubic centimeters of iodized oil with 5 cubic centimeters of air were 
injected into the lumen of the appendage. The roentgenogram was taken 2 hours after 
ligation. The bisected white mass represents iodized oil within the lumen. b, right, This 
roentgenogram was taken 20 minutes after perforation which occurred 17 hours, 20 
minutes after ligation. Note that the iodized oil had completely disappeared from the 
appendix and diffused fairly evenly throughout the peritoneal cavity. The diffusion 


extends past the liver. 


To determine the effect of iodized oil on 
bacteria, the chemical was added to broth, 
which was then seeded with Bacillus coli. In 
24 hours the bacterial growth in broth was pro- 
fuse and equivalent to a broth culture without 
iodized oil. A culture of a virulent strain of 
Bacillus coli with iodized oil was mixed with 
gum tragacanth and injected intraperitoneally 
into a dog. The animal died in 18 hours with 
a hemorrhagic peritonitis. Apparently, iodized 
oil neither interfered with bacterial multipli- 
cation nor reduced the pathogenicity of the 
Bacillus coli strain which was used. 


RESULTS OF DIFFUSION EXPERIMENTS 


Of 27 animals in this phase of the experi- 
ment, roentgenologic evidence of perforation 
appeared in 16. In these animals, the iodized 
oil in the appendiceal lumen was found dimin- 
ished or absent. In every one of the dogs, the 
radiopaque substance was visualized in the 
peritoneal cavity. Whenever the appendiceal 
appendage became circumscribed after perfo- 
ration had already occurred, some of the io- 


dized oil was retained in the lumen. Perfora- 
tion took place in 18 to 23 hours in 13 dogs. 
The 14th animal had shown presence of a per- 
foration 2 hours after ligation, the 15th in 26 
hours, and the 16th in 3 days. Five more ani- 
mals were killed within a period in which perfo- 
ration might have occurred. In 6more dogs, the 
appendix became circumscribed, and neither 
roentgenologic nor anatomic evidences of dif- 
fusion were found. Of the 16 animals in which 
the appendiceal appendage had perforated and 
diffusion had taken place, 4 died. The others 
were killed. More deaths might have taken 
place had the dogs been allowed to continue 
for longer intervals through the course of the 
infection. The microscopic changes in the ex- 
udate suggested that 5 of the 16 animals with 
perforation and diffusion might have recov- 
ered (Table I). 

Diffusion of the iodized oil throughout the 
peritoneal cavity was rapid immediately after 
perforation (Fig. 1). Within 20 minutes to 2 
hours the radiopaque material was seen in the 
pelvis and around the liver. There was a tend- 
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Fig. 2. Rapidity and extent of diffusion of appendiceal contents. Circumscription 
after perforation and diffusion. a, left, The appendiceal appendage and its circulation 
were ligated and 2.5 cubic centimeters of iodized oil with 15 cubic centimeters of air 
were injected into the appendiceal lumen. This roentgenogram was taken 2 hours 
after ligation. The bisected white mass represents the iodized oil within the appendiceal 
lumen, b, right, This roentgenogram was taken 1 hour after perforation. A part of 
the iodized oil was retained within the appendiceal appendage indicating localization 
after perforation and diffusion had taken place. Note diffusion throughout the peritoneal 
cavity with accentuation in the lateral gutters. 


ency in many of the animals to show greater 
accumulationsofiodized oilalong the twolateral 
gutters. This was true especially in the early 
stages of the diffusion. 

In 2 of the animals a part of the iodized oil 
was visualized within the appendage. The rest 
of the radiopaque substance was distributed 
diffusely through the peritoneal cavity. Ex- 
amination of these animals showed that the 
appendiceal appendage became circumscribed 
after perforation and diffusion of a part of the 
iodized oil had taken place (Fig. 2). 

Fibrin on the surface of the appendiceal ap- 
pendage appeared early. It was first observed 
in the animal killed 8 hours after ligation. Ir- 
respective of the condition of the appendage, 
whether perforated or intact, circumscribing 
of the organ continued. Within 36 hours, the 
lesion, was usually well circumscribed by loops 
of bowel, mesentery, omentum, and parietal 
peritoneum. In animals without castor oil or 
air, the lesion was found circumscribed and 
disintegration of the necrotic wall had taken 


place, apparently within the confines of a sealed 
area (Fig. 3). 


STUDY OF CELLULAR AND BACTERIAL 
CONTENTS OF PERITONEAL CAVITY 


Exudate was obtained before and after per- 
foration of the appendiceal appendages in 27 
dogs from 8 areas of the peritoneum: surface 
of the appendiceal appendage, pelvis, center of 
abdomen, right and left iliac regions, midperi- 
toneum, right, center, and left subdiaphrag- 
maticareas. The animals presented gradations 
of severity of infection. The exudate was col- 
lected with a bacteriologic loop and with a cot- 
ton swab. Slides were prepared with Wright’s 
and Gram’s stains. Data were recorded on the 
number and variety of bacteria and the num- 
ber and condition of the cells. Quantitative 
determinations were made by counting bacte- 
ria and cells in 20 oil immersion fields and 
evaluating the average for one field. 

The peritoneal picture was investigated in 8 
animals prior to perforation. Studies before 
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the 16th hour were considered unreliable due 
to the effects of operation on the peritoneum. 
Four animals were killed at hourly intervals 
after the 16th hour. The remaining 3 animals 
were killed in 24, 30, and 36 hours, respectively, 
after ligation. 

The studies of the peritoneal reaction prior 
to perforation of the appendage, showed pres- 
ence of polymorphonuclear leucocytes and des- 
quamated mesothelial cells in every part of the 
peritoneal cavity under investigation. Poly- 
morphonuclear leucocytes varied in number 
from 13 per oil immersion field in the 16th 
hour to ro in the 24th hour. The average dif- 
ference in the number of cells in any part of 
the peritoneal cavity at a given hour did not 
exceed 16, plus-minus 0.4 per cent. The one 
exception was the surface of the appendiceal 
appendage which was covered with fibrin con- 
taining enmeshed polymorphonuclear leuco- 
cytes. Cells in that location were 20 to 32 per 
cent greater than in any of the other 7 areas in 
the peritoneal cavity. 

Peritoneal exudate was obtained from the 8 
areas at intervals of 4 hours to 3 days after per- 
foration of the appendiceal appendage. The 
exudate was removed after the animals were 
killed. The bacterial content in the subdia- 
phragmatic area and around the appendiceal 
appendage was found to be greater than in 
other regions. The relative differences per- 
sisted through the various stages of peritonitis 


TABLE Il1.—AVERAGE CELLULAR AND BACTE- 
RIAL CONTENT IN VARIOUS PARTS OF PERI- 
TONEAL CAVITY IN ANIMAL KILLED 26 
HOURS AFTER PERFORATION! 


20 oil immersion fields counted. 
The number represents an average 
Area of peritoneal cavity in one field: 
from which exudate was 




















taken 
eer Polymorphonuclear 

leucocytes 
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Right iliac region | 38 |) gor 
Canter of the diaphragm — 25 | : BEG 
Lelt subdlasteagmatic region 7 oo im _ Pr ; 
Left iliac region “n'Y oe ; 
Contanal the ioeanin ae \- nae: : ; Saad 
Right subdiaphragmatic region 38.8 iz a 23 3 
Surface of appendiceal appendage 82.6 | oe 57.1 





1This table is representative of results obtained in 16 animals. 





Fig. 3. Appearance of the appendiceal appendage and 
the peritoneum 24 hours after ligation. The appendage is 
not perforated. The organ is black but there was no bac- 
terial penetration through the wall. No bacteria were found 
in the peritoneal cavity. Polymorphonuclear leucocytes were 
found in every part of the cavity. The entire peritoneum 
showed hyperemia. The total peritoneum responded to the 
injury of the appendiceal appendage. 


and in infections of variable severity. How- 
ever, the two areas in which the number of 
bacteria was greatest did not represent the 
condition of the peritoneal cavity as a whole 
nor were they consistent with the outcome of 
the infection (6, 10, 11). The bacteria on the 
surface of the appendage were enmeshed in a 
fibrin network attached to the wall of the or- 
gan. The bacterial content immediately out- 
side the fibrin network corresponded to that 
of the center of the abdomen. 

The leucocyte content in 6 regions exclusive 
of the appendiceal appendage and the right 
subdiaphragmatic area showed an average dif- 
ference of 6 per cent between the lowest and 
the highest number. The surface of the ap- 
pendix and the diaphragmatic area contained 
a very much greater number of cells (Table II 
and Fig. 4). 

In 4 animals killed 4 hours after perforation 
of the appendiceal appendage, diffusion of bac- 
teria and leucocytes had already taken place 
throughout the peritoneum. Six of the regions 
showed the presence of an average of 5 bacte- 
ria. The right subdiaphragmatic area had 31 
and the surface of the appendage contained 78 
bacteria. While the iodized oil could not be 
seen under the diaphragm in some animals for 
as long as 36 hours, examination of the exudate 
showed extension to that area in every one of 
the animals. It is probable that the inability 
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Fig. 4. Stained preparations of the exudate from various 
regions of the peritoneal cavity of a dog with peritonitis re- 
sulting from a perforation of the appendiceal appendage. 
The preparations show leucocytes and bacteria. Observe 
the relative number of these elements in the following re- 
gions: A, left subdiaphragmatic area; B, center of dia- 
phragm; C, right subdiaphragmatic region; D, left iliac re- 
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gion; E, center of abdomen; F, right iliac region; G, surface 
of the appendiceal appendage; H, pelvic region. Note the 
close approximation in the numerical content of cells and 
bacteria in the various regions excepting the surface of the 
appendiceal appendage and the right subdiaphragmatic re- 
gion. The last two mentioned areas do not represent the 
conditions in the rest of the peritoneal cavity. 
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to visualize the iodized oil was due to technical 
difficulties. Later improvements of technique 
allowed visualization of the radiopaque sub- 
stance under conditions which could not be de- 
tected previously. 

Those animals which were killed at inter- 
vals of 12, 18, 21, 24, 36, 48, and 72 hours 
after perforation and those which died in 6, 
15, 23, and 27 hours after the appendage per- 
forated presented a relatively similar peri- 
toneal picture. Variations in number of bac- 
teria and cells coincided with the stage and the 
severity of the disease. In the tertiary stage, 
the number of bacteria in every region ap- 
proximated that on the surface of the appen- 
diceal appendage. With an increase in con- 
tent of bacteria, the polymorphonuclear 
cells showed a marked decrease in number. 

Localized accumulations of bacteria, cells, 
and débris (abscesses) occurred in the perito- 
neal cavities of those animals which showed 
signs of recovery. It is probable that the 
rapid progress of infection interfered with for- 
mation of abscesses in those animals that died. 
In most of the dogs, the general peritoneal 
cavities containing circumscribed abscesses 
were free from bacteria. The character of the 
cellular exudate in the general peritoneal cav- 
ity in presence of a completely circumscribed 
abscess was predominantly mesothelial. Poly- 
morphonuclear leucocytes predominated in 
the peritoneal exudate when an abscess was 
poorly or incompletely circumscribed. 


DIFFUSION FROM PELVIC CAVITY 


The second phase of the investigation was 
performed on 18 dogs. A mixture of iodized 
oil, virulent colon bacilli (culture 300) and gum 
tragacanth was introduced into the pelvic 
cavity of animals through the abdominal wall, 
with a long trochar. The animals were held in 
a vertical position during the injection. Twelve 
of the dogs were placed in a horizontal posi- 
tion 5 minutes after injection and the remain- 
ing 6 were held in a vertical position by sus- 
pending them in a box. All the animals ex- 
cept 2 were anesthetized with sodium pento- 
barbital. Two of the animals held in a hori- 
zontal position were awake during the experi- 
ments. The mixture which was injected into 
the pelvic cavities varied in quantity. One- 
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Rapidity and extent of diffusion from the pelvic 
cavity. A mixture of iodized oil, bacteria, and gum traga- 
canth was injected into the pelvic cavity of dogs. The illus- 
trations represent roentgenograms of an animal which was 


Fig. 5. 


narcotized and held in a horizontal position. a, above 
left, 1 minute after injection of material into the pelvic 
cavity; b, above right, 30 minutes after injection. Note the 
fairly even distribution of the material and height of diffu- 
sion. c, below left, 1 hour after injection; d, below right, 2 
hours after injection. The material is spread throughout 
the peritoneal cavity. Observe the gradual decrease in the 
quantity of the material asa result of its removal from the 
peritoneal cavity by the defense mechanism. 


half of the animals in the two groups (hori- 
zontal and vertical positions) were injected 
with 3 cubic centimeters of a mixture made up 
of 1 cubic centimeter of iodized oil and 2 cubic 
centimeters of 1.5 per cent gum tragacanth in 
physiologic salt solution with 40,000 Bacillus 
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TABLE III.—DIFFUSION OF BACTERIA AND 
IODIZED OIL FROM PELVIS THROUGHOUT 
REST OF PERITONEAL CAVITY IN 18 DOGS 





Time . ee 
between | Extent and height of diffusion Quan- 
injection | “ of 
of mate- P Posture 
rial into of 
pelvis Determined jected | animal 
and Determined by by exami- terial 
roentgen-| roentgen-ray nation of 
ray | exudate 


oan a ind —— _ 
1 min L ittle or no spre ad ~ | sine 


Diffusion eniform and up | Same as 
to level of lower pole of | 


30 min Small} Horizontal 
| | roentgen | 
kidneys |} ray i 


| Recteria tend] Large! | Horizontal 
to diffuse 





| Spread diffuse but mas- 
sive in one or both lat- 
eral gutters and fre- 





more even-| 
































| 
quently in center. ly and to | 
Height of diffusion to midportion | 
lower borders of kid- of kidneys 
} neys 
Spread diffuse but more Same as Small | Fowler's 
| massive in one or both roentgen- | and 
lateral gutters and fre- ray large 
quently in center } 
| Height of spread up to 
| lower pole of kidneys" 
| Animal awake Spread Same as Small | Horizontal 
evenly and diffusion roentgen- | 
half way up the liver ray 
| Pre-existing small volume | Same as Large | Horizontal 
| of peritoneal exudate. roentgen- 
| Animal asleep: spread ray 
evenly and half way up | 
the liver 
1 hour Spread varies from even Same as Large | Horizontal 
distribution to a slight | roentgen- 
increase in content along} ray 


one or both lateral gut- 
ters. Diffusion extends 
from level of liver to | 
diaphragm 











Greater concentration in | Same as |— 
center and left gutter. roentgen- | 
Half way up the kid- ray 


| F fowler’s s 
neys } 





Spread diffuse and up to | Same as ' Sens all | Horizontal 








level of liver roentgen- | and 
ray | Fowler’s 

Animal awake: spread Same as | Small | Horizontal 

fairly evenly and close roentgen- | 

to the upper surface of ray 

the liver 
Pre-existing small volume | Same as Small | Horizontal 

of peritoneal exudate. roentgen- 

Animal asleep: spread ray 


evenly and reached the 
diaphragm 





2 hours | Spread evenly with an oc- | Degree and | Large | Horizontal 
casional greater concen- height of 
tration in one or both diffusion 
lateral gutters. Reached] fairly well 




















the level of the dia- correlated 
phragm 

Tendency to concentrate | Same as Small | Fowler’s 
in lateral gutters. roentgen- 
Reached the level of ray 
the liver | 

Spres ad evenly and venched Same 1 as Small | Horizontal 
the upper level of the roentgen- and 





liver | ray | Fowler’s 
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Time . = 
_between Extent and height of diffusion Quan- 
injection Que of 
of mate- rad Posture 
rial into o 
pelvis i Determined — animal 
and | Determined by by exami- terial 
roentgen-| roentgen-ray nation of 
ray | exudate 
2 hours | Animal awake: apread Same as Small | Horizontal 
evenly and reached the roentgen- 
diaphragm — ray 





4 hours Tendency t to concentrate | Degree and | Large! F owler’s s 
in lateral gutter per- height of | 
sists. Reached half way| diffusion | | 
up to liver. (In 24 fairly well | 
hours a more even dif- correlated 
fusion and up to dia- 











phragm) 
Spread evenly. Reached | Same as Small | Horizontal! 
| the diaphragm. (In 24 roentgen 

hours, no evidence by ray | 


x-ray or microscope of 





| 
| 
} 
exudate or presence of 
| any material in most in 
| stances. In Fowler’s po- 
sition tendency persists) 





coli. The other half of the dogs received a 
larger quantity of 15 cubic centimeters. The 
mixture consisted of 5 cubic centimeters of 
iodized oil and 10 cubic centimeters of a 1.5 
per cent gum tragacanth in physiologic salt 
solution with two billion Bacillus coli. In 4 
animals, 1 from each group, a peritoneal exu- 
date was induced by intraperitoneal injection 
of 10 cubic centimeters of coli-bactragen 24 
hours before injection of the iodized oil mix- 
ture. 

Fluoroscopic observations were made at fre- 
quent intervals and roentgenograms were tak- 
en at following periods after injections: 1, 5, 
10, 39, and 45 minutes, I, 2, 214, 3) 45 55 75 9; 
12, 15, 18, 19, 21, 22, 24, 26, 28, 32, 36, 42, 48 
hours. At intervals of 10, 30, and 45 minutes, 
1, 2, 4, 24 hours following injections, an ani- 
mal was killed, and the exudate from various 
parts of the peritoneal cavity was examined 
and correlated with the degree of diffusion of 
the iodized oil. 

The purpose of this phase of the investiga- 
tion was to study the pattern of diffusion from 
one area in the peritoneal cavity without un- 
due interference from the protective mechan- 
ism of the body which exists in a slowly per- 
forating lesion of bowel. This experiment also 
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offered the opportunity to examine again but 
under different conditions, the extent to which 
bacterial diffusion coincided with that of 
iodized oil. 

The results of this phase of the investiga- 
tion indicated that diffusion from the pelvic 
cavity occurred fairly promptly. Within 1 to 
2 hours, the injected material was found in 
every part of the peritoneal cavity. The 
rapidity of diffusion was either delayed or ac- 
celerated to a slight degree by varying the 
posture of the animal and the quantity of in- 
jected material. The variations in diffusion 
were more pronounced when the respiratory 
rate was altered or when an exudate was 
present at the time of injection (Table ITI). 

Spread of bacteria and iodized oil tended to 
become more uniform after the first hour. 
Animals held in Fowler’s posture revealed a 
distinct tendency for greater accumulation of 
the injected material along the lateral gutters. 
Diffusion was consistently more uniform 
throughout the peritoneal cavity in the pres- 
ence of an exudate, when the volume of the 
injected material was small, and when the 
respiratory rate and depth were normal or 
increased. The spread of bacteria followed 
fairly closely that of iodized oil (Table IIT). 

In the narcotized or anesthetized animals, 
the rapidity of diffusion was diminished. The 
probable explanation lies in the decrease of 
rate and depth of respiration and a consequent 
diminution in the upward suction of the dia- 
phragm. There was a tendency to a slightly 
greater rapidity of diffusion and a more even 
distribution with small quantities of injected 
material than with larger amounts. Presence 
of fluid in the peritoneal cavity resulted in a 
fairly rapid and even spread of bacteria and 
iodized oil. The material in presence of fluid, 
was carried to the inferior borders of the dia- 
phragm within 30 minutes after the injection. 


ANALYSIS OF STUDY 


Treatment of peritonitis has been under the 
influence of the concept that diffusion of an 
infection within the peritoneal cavity is ini- 
mical to recovery. As a result, every effort 
has been directed to delimit and circumscribe 
the infectious process. Experiences in the 
management of surface infections and those 


in other parts of the body seemed to substan- 
tiate the concept as applied to the peritoneal 
cavity. Since a circumscribed infection is as- 
sociated so frequently with survival and dif- 
fusion with death, the mechanism was assumed 
as obvious. It was overlooked that these pro- 
cesses are end-results. It is unfortunate that 
in human medicine our concepts must be 
molded so often by observations of terminal 
changes. In such instances, clarification of the 
mechanism of a disease entity is frequently 
accomplished by animal experimentation. 
When the pattern is formed, relative clinical 
observations assume a new significance and 
fill in the gaps in the pattern. 

Under the conditions of our experiments, 
‘diffusion of an infection has been found to take 
place in the peritoneal cavity fairly rapidly. 
Modifying conditions accelerated or delayed 
the spread of the process, but at no time suf- 
ficiently to alter the basic effect. Diffusion of 
bacteria began as soon as the gastrointestinal 
lesion had perforated and the micro-organisms 
were released. In the light of previous obser- 
vations, the purposes of such diffusion can be 
understood. It had been noted that recovery 
from peritonitis was associated with a rapid 
disappearance of bacteria from the peritoneal 
cavity (7, 11). Our investigations (10) had 
also indicated that the cause of death in peri- 
tonitis was due to production of toxic sub- 
stances by bacteria in the peritoneal cavity. 
Obviously, removal of the micro-organisms 
prevents elaboration of such toxins. Removal 
of bacteria is accomplished by two processes, 
phagocytosis by polymorphonuclear leuco- 
cytes and by passage through lymphatic chan- 
nels and capillary vessels. The advantages of 
a large peritoneal surface achieved by diffu- 
sion of bacteria are threefold: (1) The micro- 
organisms are distributed in smaller numbers 
and consequently there is a more efficient 
and speedier phagocytosis; (2) a greater num- 
ber of phagocytic leucocytes are able to mi- 
grate into the peritoneal cavity and probably 
at an accelerated tempo; (3) passage of a large 
number of bacteria through the lymphatic 
and capillary vessels is made possible. Con- 
versely, if the peritoneal area of infection 
were delimited early in the disease, removal 
of bacteria would be diminished and an in- 
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crease in their number and preduction of solu- 
ble toxic substances would result. 

Our experiments showed that, in a surviv- 
ing animal, bacteria which has been diffused 
throughout the peritoneal cavity begin to de- 
crease in number and eventually disappear 
entirely. On the other hand, in a fatal out- 
come, bacteria appear in progressively larger 
numbers. On the basis of our investigations as 
well as of other workers (1) 2 factors may be 
accepted as deciding the outcome of a peri- 
toneal infection: (1) presence in the peritoneal 
cavity of environmental conditions which 
delay bacterial removal or increase the rapid- 
ity of bacterial multiplication; (2) an exten- 
sive initial or a continued outpouring of bac- 
teria. 

In the light of these findings and interpre- 
tations, the designation “spreading peritoni- 
tis’ to denote an unfavorable progression 
does not characterize the actual mechanism. 
The term “diffuse” is less objectionable since 
it is descriptive of the condition, although it 
fails to differentiate. The infectious process 
diffuses and spreads from the very onset, re- 
gardless of the outcome. As a matter of fact, 
it would be more appropriate to refer to peri- 
tonitis either as “regressing or progressing’’ to 
denote either a favorable or an adverse course 
of the infection. 

Passage of micro-organisms into the blood 
stream necessarily produces a bacteriemia, 
which is transient because the bacteria are de- 
posited eventually in the various viscera for 
disposal by the reticuloendothelial system. 
That bacteriemia is considerably more innocu- 
ous than is the persistence of bacteria in tis- 
sues has been repeatedly affirmed (4, 5, 9). 
Goldblatt and I (9) concluded on the basis of 
our experiments that bacteriemia in peritoni- 
tis was associated with survival while reten- 
tion of the micro-organisms in the peritoneal 
cavity was followed by death. 

The belief that localization and diffusion 
are interlocking and interdependent processes 
constitutes a part of the current conception. 
From the point of view of outcome of a peri- 
toneal infection, it is necessary to differentiate 
between localization of a perforating or disin- 
tegrating wall of an organ and of pools of 
exudate. Whenever the latter is an end-result 


of a healing process, the rest of the peritoneal 
cavity is free from infection and shows little or 
no inflammation. It is highly questionable 
whether circumscribing of such a process is 
desirable and favorable to the individual. One 
may also question whether some of our cur- 
rent methods of treatment do not contribute 
to formation of these abscesses. Instead of 
utilizing the large expanse of the peritoneum 
with its multiple capacities for removal of the 
elements which form an abscess, we have a 
small delimited area with most of the func- 
tions for disposal of bacteria and débris partly 
or completely abolished. In addition, the 
abscess becomes a potential source of infec- 
tion which again endangers the whole peri- 
toneum. 

Circumscribing of a lesion present in the 
wall of the gastrointestinal tract begins im- 
mediately after the onset of the process and 
progresses until the disintegrating wall is re- 
inforced or the perforation is circumscribed. 
The common observation of the pancreas or a 
loop of bowel forming a new wall of a perfor- 
ating peptic ulcer or omentum and intestine 
circumscribing a ruptured or gangrenous ap- 
pendix are examples. The reinforcement or 
circumscription are efforts to seal a focus from 
which bacteria enter the peritoneal cavity. 
These efforts may succeed before any micro- 
organisms escape and peritonitis is prevented 
or diffusion of bacteria may take place and 
repair occurs later. If the peritoneal environ- 
mental conditions or the massiveness of bac- 
terial outpouring results in a rapidly pro- 
gressive peritonitis, the repair of the lesion is 
delayed and death may take place before the 
process is repaired or circumscribed. Recapit- 
ulation of these phases of the struggle against 
a peritoneal infection shows the relationship 
that localization bears to diffusion. 

The observation in these experiments that 
bacteria and leucocytes accumulate in the right 
subdiaphragmatic region in greater numbers 
than elsewhere in the peritoneal cavity is in- 
teresting from the viewpoint of formation of a 
subphrenic abscess. Changes in posture did 
not appear to alter appreciably such tenden- 
cies. The suction action of the diaphragm and 
the anatomic passageway formed by the right 
lateral gutter may account for the greater ac- 
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cumulation of bacteria and leucocytes in that 
region. Massive bacterial invasion of the area 
with a resultant vascular stasis and closure by 
inflammation of capillary and lymphatic ves- 
sels by which micro-organisms are removed, 
probably complete the process by which a sub- 
phrenic abscess is formed. 

In a previous communication (8), the use of 
peritoneal fluid and exudate for diagnosis and 
prognosis of peritoneal conditions was de- 
scribed. The criteria for recognition of the 
various peritoneal infections and irritations 
were outlined. Since the publication of this 
article two groups of workers have acquiesced 
in the value of the procedure. Henry and 
Vale, of Wayne University and Detroit Re- 
ceiving Hospital, employed the abdominal 
puncture in approximately 100 patients a year 
and were able to determine the presence of 
hemorrhage and infection in the peritoneal 
cavity. Vaccaro, Parades and Ilic, of Univer- 
sity of Chile, studied the peritoneal exudate 
obtained by abdominal puncture, at opera- 
tion and from drainage tubes. The authors 
conclude that the microscopic examination of 
the exudate offers a simple and valuable meth- 
od for diagnosis and prognosis of peritoneal 
infections. Vaccaro and his associates as well 
as other investigators correlated the outcome 
of the patient with the species of bacteria 
found in the peritoneal exudate. There is a 
general agreement that the presence of certain 
micro-organisms is associated with a less fav- 
orable prognosis. However, microscopic ex- 
amination of a smear of the peritoneal exudate 
indicates not only the virulence of the micro- 
organism but also the degree of protection 
offered by the body defenses (8). Obviously, 
a smear cannot establish the identity of the 
bacterium, but it has the virtue of supplying 
considerable pertinent information in a very 
short period of time. 

In our clinical studies we observed that an 
abdominal puncture in the midline, between 
the umbilicus and the symphysis pubis gave a 
representative picture of the peritoneal con- 
dition. Several reviewers questioned whether 
information obtained from the exudate in one 
area portrayed the situation in other parts of 
the peritoneal cavity. The results of the pres- 
ent experiments offer an explanation of our 


previous finding. Bacteria were found to dif- 
fuse in fairly equal numbers throughout the 
peritoneal cavity with the exception of two 
areas, the right subdiaphragmatic region and 
the surface of the perforating organ. The dis- 
tribution of leucocytes followed that of bac- 
teria. It was noted that the spread of bacteria 
and leucocytes was apt to be more uniform 
when the animal was not under narcosis or 
anesthesia and when its posture was horizon- 
tal. Other factors which contributed to a uni- 
form diffusion were the presence of a small 
quantity of exudate and a pre-existing peri- 
toneal fluid. The tendency for greater accumu- 
lation in the two lateral gutters and occasion- 
ally in the center of the abdomen did not 
affect the criteria and the information derived 
from them regarding the general peritoneal 
cavity. 

The reason some workers failed to obtain a 
satisfactory correlation between the peri- 
toneal exudate and the diagnosis and prog- 
nosis of a peritoneal condition was that the 
exudate was procured from the surface of the 
involved area of an organ. 


SUMMARY 


1. Under the conditions of our investiga- 
tions, it has been found that a peritoneal in- 
fection diffuses throughout the peritoneal cav- 
ity fairly promptly after perforation of the 
bowel takes place. 

2. The spread of the infectious process is 
fairly uniform throughout the peritoneal cavity 
except to 2 regions: the surface of perforated 
bowel and right subdiaphragmatic area. 

3. The cytologic response to the infection 
follows that of bacterial spread. The number 
of cells is fairly uniform throughout the peri- 
toneal cavity with the exception of the surface 
of the perforating area of bowel and the right 
subdiaphragmatic region. 

4. On the basis of previous investigations 
and of those reported in this presentation, it 
is believed that the right subdiaphragmatic 
region and the area of the perforated bowel do 
not represent the condition that exists in the 
general peritoneal cavity. 

5. On the other hand, exudate obtained 
from other regions of the peritoneum includ- 
ing the midabdomen is representative of the 
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degree of infection and the state of body de- 
fense of the entire peritoneal cavity. 

6. The diffuse peritoneal involvement which 
takes place shortly after perforation of the 
bowel is not inimical to the body. It is, as a 
matter of fact, essential to the defense mech- 
anism. It provides an extensive surface from 
which (a) bacteria are removed from the peri- 
toneal cavity, (b) a greater number of leuco- 
cytes migrate to the peritoneum, and (c) 
phagocytosis is more effective since bacteria 
are distributed over a wide area and leuco- 
cytes are confronted by relatively few micro- 
organisms. 

7. Under the conditions of our experiments 
we found the present concept of a spreading 
peritoneal infection with diffusion considered 
as inimical to recovery to be erroneous. 

8. Terms, “regressing and progressing’’ per- 
itonitis are suggested as indicative, respec- 
tively, of recovery and of adverse outcome 
instead of the current terminology of “diffuse 
and spreading”’ peritonitis. 
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g. An approximate period of 36 hours is re- 
quired for the body defense to reinforce the 
disintegrating wall of a dog’s gangrenous ap- 
pendiceal appendage and prevent perforation 
into the peritoneal cavity and development 
of peritonitis. 
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THE THERAPY OF BURNS 


A Comparative Experimental Study Including a Medicated Pliable 
Gelatin Film, and a Note on the Effect of Firm Dressings 
on the Rate of Healing 


R. A. ROBACK, M.S., and A. C. IVY, Ph.D., M.D., Chicago, Illinois 


HIS study was undertaken to deter- 
mine (a) whether a medicated pliable 
gelatin film possesses any advantages 
in the treatment of burns other than 
the ease of application, and (b) whether the 
film disturbs or promotes the healing of burns. 


METHODS 


Preparation used. The protein film (“sulfa- 
gel”) used was supplied by Lloyd A. Hall of 


| the Griffith Laboratories, of Chicago. It con- 


sists of a pliable sheet of gelatin (nonallergic) 
containing 2.5 per cent sulfathiazole, some 
potassium iodide (2.0 per cent), and enough 
glycerine and water to render it soft and pli- 
able. For “comparative controls” three other 
preparations were used. One consisted of a 
2.5 per cent sulfathiazole ointment, the base 
It was 
used as a “control” for the 2.5 per cent sulfa- 
thiazole in the gelatin film. It was applied by 
spreading thickly on a piece of gauze and with- 
out a pressure dressing. The second consisted 
of Pickrell’s solution, consisting of sulfadia- 
zine (3 per cent), methocel (3 per cent), tri- 
ethanolamine (8 per cent), sorbital (4 per 
cent), sodium benzoate (0.1 per cent), and 
water (81.9 per cent). As will be indicated 
later the sulfagel was applied by 2 different 
methods. The third consisted of 10 per cent 
boric acid ointment (U.S.P.) spread on gauze 
and applied as a firm pressure dressing. 

The animals used were dogs because a stand- 
ard or controlled third degree burn could be 
produced under anesthesia on each side of the 
back, and one preparation could be compared 
with another on the same animal. 

Observations were made on (a) the extent 
of the enlargement of the primary wound after 
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its infliction, (b) the presence or absence of 
infection as indicated by the presence of pus, 
(c) the time required for covering the defect 
with epithelium, and (d) the extent of the 
scar tissue formed. 

The types of wounds studied were: 

The excoriation wound. Such a wound was 
made to ascertain if the sulfagel film as com- 
pared to sulfathiazole ointment, containing 
the same amount of sulfathiazole as the film, 
delayed the regeneration of epithelium and 
hair growth. 

Ten dogs were anesthetized, their backs were 
shaved and cleansed with soap and alcohol. 
An excoriation wound was then produced on 
both sides of the back after the method of 
Thiersch, the skin being removed down to the 
base of the hair follicles. The wound on the 
left side was treated daily with the sulfathi- 
azole ointment without pressure dressing and 
the wound on the right side was treated daily 
with the “‘sulfagel’’ film without pressure. 

The excision wound. The excision wound 
was made for the purpose of comparing the 
rate of healing of such a wound—not exposed 
to heat—with that of a wound produced by 
heat or a third degree burn, destroying all lay- 
ers of the skin. The wound was made by 
anesthetizing the dog, shaving the skin of the 
back, and then excising with aseptic procedure 
all layers of the skin in an area on each side of 
the back. The aim was to excise about 20.5 
square centimeters of skin so that the resulting 
wound when the surrounding skin retracted, 
measured about 50 square centimeters in area. 
(The actual amount of skin removed is shown 
in Table I.) The wound on the left side was 
treated daily with the sulfathiazole ointment 
dressing without pressure. The wound on the 
right side was treated daily with the sulfagel 
film without pressure. Eight dogs were used. 
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TABLE I.—EXPERIMENT B, EXCISION WOUNDS 















































: Days re- Size of scar 
a Days of quired for % diff. wounds 
om kes infection complete operative and 
Dog > regeneration healed 
No. 
’ Left Right 
Left | Right | Left | Right| Left | Right| (in- (in- 
creased) | creased) 
I | 3.22] 3.14] 18 2 45 47 35 59 
2 3.24 | 3.41 13 I 30 30 63 80 
3 | 3.50| 3.56] 16 3 47 53 58 72 
4 2.80 | 2.86 10 3 33 34 65 80 
5 | 3-43 | 3-07] 14 14 27 26 57 68 
6 2.97 | 2.87 20 6 26 26 7° 87 
7 3-24 | 3.27 21 8 30 30 48 61 
8 3.12 | 3.10 16 ° | 22 21 46 62 
Ave. | 3.19 | 3.16 | 16 4.6 | 32.5 | 33.3 | 55.2 71.1 


























Left side—sulfathiazole ointment treated wounds. 
Right side—sulfagel treated wounds. 


The burn wound. The burn wound was 
made by anesthetizing the dog, by shaving the 
skin of the back, and then by burning with a 
rectangular-shaped iron measuring 21.4 square 
centimeters in area (5.1 by 4.2 cm.). This 
iron was heated in a furnace at 150 degrees C. 
for 30 minutes. It was then applied to the 
skin for 30 seconds. This destroyed all layers 
of the skin in an area of about 4 square inches 
or 26 square centimeters. The eschar was not 
removed but was permitted to come away of 
its own accord. The method of dressing the 
burn wounds will be given later under the 
appropriate topics. 

In all cases the dressings were covered by a 
loosely fitting apron bandage to prevent in- 
jury to the wound by scratching and to keep 
the underlying dressing clean. 

Histological examination. After complete 
epithelialization of the wound had occurred 
the scar was removed and examined histo- 
logically (hematoxylin and eosin, van Giessen, 
and Mallory stains) with the idea of ascertain- 
ing the amount of scar formation. This was 
roughly estimated by measuring the average 
thickness of the scar and multiplying by the 
area of the scar. Such results simply verify 


the visual impression one gains from a study 
of the sections. 

Measurement of the wound. The size of the 
wound was followed by placing a sheet of 
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cellophane over it, outlining the wound and 
then determining the area with a planimeter 
(7). Colored photographs of the wound were 
made weekly in certain dogs. In making the 
tracings and photographs the animals stood 
in a stock, to which they had been trained, 
this rendered the size of the wounds constant 
and avoided the errors in measurement re- 
ferred to by Carrel. 


RESULTS 


Experiment A. Excoriation wounds. The 
excoriation wounds made in the 10 dogs (total 
of 20 such wounds) measured in area from 12.4 
to 15.5 square centimeters. The average size 
of the wounds on the left side treated with the 
sulfathiazole ointment was 13.7 square centi- 
meters and on the right side treated with the 
sulfagel film was 13.8 square centimeters. The 
wounds on the left side healed in an average of 
11.5 days and on the right side in 11.2 days. 
One of the wounds treated with the ointment 
was infected; it healed in 17 days, a small scar 
with incomplete hair growth resulting. 

The hair growth from the two differently 
treated wounds was compared and no differ- 
ence was found. The regeneration of hair 
follicles was complete, according to counts and 
observations on the rate of growth of hair 
made by comparing the area excoriated with a 
nonexcoriated area after the two areas had 
been shaved several weeks after the excoriated 
wound had healed. 

Comment. No evidence was obtained in this 
experiment showing that the ingredients of the 
sulfagel film or of the 2.5 per cent sulfathiazole 
ointment were toxic to regenerating epithelial 
cells. 

Experiment B. Excision wounds. The 
wounds not being supported by a pressure 
dressing enlarged considerably. Small areas of 
infection were present in the wounds treated 
with the 2.5 per cent sulfathiazole ointment. 
The average days of some infection in the 
wounds treated with the ointment was 16 days 
and with the film 4.6 days. However, both 
wounds on the average healed in approxi- 
mately the same time, namely 32.5 and 33.3 
days (Table I). The scars were uniformly 
larger (Table I and VI) than the original area 
of skin excised. 
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Comment. The only advantage that the 
sulfagel film had over the ointment was in 
regard to the decreased presence of areas of 
infection and less enlargement of the primary 
wound. It is of interest to note that the heal- 
ing time was the same regardless of the pres- 
ence or absence of the infection, which was 
not, however, extensive. The sulfagel film 
was apparently more impervious to the pas- 
sage of bacteria than the gauze ointment 
dressing. Histologically there was no definite 
difference between the scars (Table VI). The 
scars were larger than the originally excised 
skin, probably because of the lack of support 
of the skin edges due to the absence of a pres- 
sure or retaining bandage. 

Experiment C. Burn wound treated with 
sulfagel and sulfathiazole ointment. In this ex- 
periment a loose dressing was used and the 
edges of the wound were not supported with 
adhesive tape. The eschar was not removed 
by us at any time; it came away with the 
change in dressings. The sulfathiazole oint- 
ment softened the eschar and caused it to 
come away early; this permitted the wound to 
undergo more enlargement than occurred with 
the sulfagel film. Again the incidence of small 
areas of infection was greater with the sulfa 
ointment than with the fim. The wound 
treated with the film healed more rapidly on 
the average, but the difference in rate of heal- 
ing was not statistically significant, i.e., the 
difference observed could have been due to 
chance variation. The size of the scars was not 
significantly different, though the average 
thickness was greater for the sulfa ointment; 
this was due chiefly to one specimen, we doubt 
the significance of the greater average amount 
of scar tissue. 

The essential data are shown in Table II. 
It is to be noted that 11 of the 19 animals died 
during the course of this experiment from 
respiratory disease. The respiratory disease 
delayed healing. It might be stated that the 
burns decreased the appetite of all the dogs 
during the first 3 to 7 days, which was not true 
of the excision wounds. 

Comment. Though the average results indi- 
cate that the sulfagel film is superior to the 
ointment in all regards, the only definite ad- 
vantage is that it prevented some of the en- 


TABLE II.—EXPERIMENT C, SULFATHIAZOLE 
OINTMENT COMPARED WITH SULFAFILM 





Per cent Days re- Size of scar 

maximum Days of quired for % diff. wounds 
Dog enlargement infection complete operative and 
No of wound regeneration healed 





Left | Right] Left | Right} Left | Right] Left Right 
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8 230 145 21 14 42 40 | 49.21 55.71 
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12 450 | 300 6 6 57 56 26.5D | 13.5D 
13 | 355 47.5| 18 9 53 45 | 25.8D | 8.0oD 
15 282 260 ° ° 70 68 t D |} 10.71 
18 287 117.5 ° ° 62 45 °.7D 15.51 
Ave. 267. 2| 162 13 6.2} 54.1} 48.6] 9.6D 4.71 
“Dogs which died during the Days lived ee. 
experiment Left Right 
2 | 232.5] 165 | 9 | ° 9 — 50 —122.5 
3 | 262.5) 130 | 5 | 0 . 13 —127.5| — 20 
5 | 165 52 s| 6 ° 7 —165 — 52.5 
6 | 70 27.5} © ° 4 | — 70 — 27.5 
7 127.5| 72 5| ° ° 6 | —127.5| — 72.5 
9 05 85 ° ° 7 | =—op | ~ 85 
To 92.5) 72-5 5 ° 5 — 92.5) — 72.5 
14 | 405 | 155 13 9 30 — 85 — 42.5 
16 302.5] 220 21 3 72 + 42.5) + 92.5 
17 | 440 | 220 5 ° 30 e* 40 40 
19 | 287 | 182.5] 9 ° 30 35 77-5 
Ave. | 225 125 6.6 1.0 9.3 — 68.6] — 25.9 
Left side—ointment treated wounds “D”, decrease. 
Right side—sulfagel treated wounds “T’’, increase. 


largement of the wound by serving as a partial 
support, or a sort of “court-plaster.” The 
greater average healing time for the ointment 
was probably due to the greater initial en- 
largement of the wound. 

Experiment D. Burn wound treated with 
sulfagel and Pickrell’s solution. This experi- 
ment was performed because Pickrell’s solu- 
tion produces a film, though it is not as readily 
applied as the sulfagel film. 

The Pickrell’s solution was applied by 
spraying the wound every 2 to 4 hours until a 
definite film was formed over the burned and 
surrounding surface. The film was allowed to 
remain until it came off with the dressing; 
then a new coat of the film was applied. Any 
cracks in the film were covered with the solu- 
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tion. This was repeated as frequently as nec- 
essary. The coated wound was kept covered 
with gauze supported by adhesive tape, and 
the additional protective bandage referred to 
under “methods.” The dressing was held 
firmly by the adhesive tape. 

The method of applying the sulfagel film 
was modified in this and the next experiment. 
The method was changed (a) to prevent the 
first twinge of pain which occurred when the 
sheet of film was applied and (b) to introduce 
the principle of a firmer pressure dressing. 

A portion of the original gelatin film was 
melted by placing it in a sterile vessel left in 
hot water. The melted film was then applied 
to the wound and as it solidified the wound 
was covered with a patch of the unmelted film. 
The unmelted film was then covered with 
gauze and held in place firmly with adhesive 
tape. This dressing definitely increased the 
“court-plaster”’ effect of the sulfagel film. This 
step was thought to be necessary in order to 
make a fair comparison with the film made by 
the Pickrell’s solution. 

The essential data are shown in Table III. 
It is to be noted that the wound treated by 
the new method of applying the sulfagel film 
decidedly reduced the initial enlargement of 
the wound. The film formed by Pickrell’s 
solution was about as effective in this respect 
as the old method for applying the sulf- 
agel film (see Table VI). The Pickrell film 
tended to break especially at the line between 


TABLE II].—EXPERIMENT D, “‘SULFAGEL”’ COM- 
PARED WITH PICKRELL’S SOLUTION 





Days of % diff. 








Size of | % maximum | Days of : 
original sloughing | infection healing wounds 
wounds operative 
Dog| %4 in. and healed 
No - - 
= | | Left | Right Left | Right | Left | Right 
mw | 
1 | 4.0] 4.0] 107.5] 317.5 43 st |27.5I | 2.5D 








214.0] 4.0] 92.5] 162.5] o 36 44 gs fis DBD 





3] 4.0] 4.0] 42.5] 127.5] © 32 40 5 Dj27.5D 





o | Left 
aAlolunlseoc Right 


4 | 4-0] 4.0] 47.5] 120 ° 32 45 25 D 





5 | 4.0] 4.0] 127.5] 202.5] 3 38 2.5 I/32.5D 


Av- 
er- 
age| 4.0] 4.0] 83.5] 186 0.6] 5.0] 34.8] 43.6] 6 I{18.5D 


Left side—sulfagel treated wounds by the ‘‘new 
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“DPD”, decrease. 
“1”, increase. 


method. 
Right side—Pickrell’s solution treated wounds. 


the eschar and unburned portion of the skin, 
which permitted enlargement but not as much 
as when the sulfa ointment was applied with a 
loose dressing. The wounds treated with 
Pickrell’s solution did not heal as quickly and 
were not as free from infection as the wounds 
treated with the sulfafilm applied by the new 
method. The scars formed after the use of 
Pickrell’s solution were smaller, but the histo- 
logical sections failed to reveal that the scars 
were definitely thicker, though on the average 
they were slightly thicker. 

Experiment E. Burn wound treated with 
sulfagel and boric ointment with pressure. The 
sulfagel was applied as described in the previ- 
ous group of experiments. The boric acid 
ointment (U.S.P.), generously applied to 
gauze, was placed on the wound. This was 
covered with a layer of gauze and firmly held 
in place with adhesive tape, as described. 

The essential results are shown in Table IV. 
The results with the sulfagel film practically 
duplicate the results obtained in the previous 
experiment. The healing time with sulfagel 
and boric ointment was approximately the 
same. The incidence of areas of infection was 
greater in the case of the ointment, but the 
area of the scar was less (Table VI). 

Comment. In general, no striking difference 
was obtained between the end-results of the 
sulfagel therapy with a firm dressing and of 
the boric ointment therapy with a firm dress- 
ing. The ointment, however, by increasing the 
rate of softening of the eschar caused a greater 
initial enlargement of the wound and for some 
reason caused an earlier “contracture” of the 
scar. 

Experiment F. Comparison of the “‘old”’ and 
“new” method of applying sulfagel. In the old 
method, a sheet of sulfagel film was simply 
placed in contact with the burned area with 
2 centimeters or more of overlap of the un- 
burned area. In the new method some of the 
sulfagel film was melted and poured over the 
burned area which was then covered with a 
sheet of the unmelted film, after which a firm 
dressing was applied. This method abolished 
the twinge of pain associated with the direct 
application of the sheet of film. 

The data resulting from the use of the two 
methods are shown in Table V. It will be 
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noted that only 1 of the 10 dogs treated by 
the new method developed small areas of in- 
fection in the wound as compared to 5 of 8 
dogs treated by the old method. The definite 
difference between the rate of healing is also to 
be observed as well as the degree of initial 
enlargement of the wound. This, however, is 
most logically attributed to the firmness of 
application of the dressing. 


EVALUATION OF STUDY 


Did the infection observed in the wounds delay 
healing? When this work was initiated it was 
believed that infection would delay healing and 
hence care was exercised to prevent infection. 
In this regard, we were successful, since the 
wounds of none of the dogs became markedly 
infected, as judged from the amount of exu- 
date and the extent of the area involved. As 
stated before, the. areas which were overtly 
infected were small in area. Carrel and Hart- 
man (7) found that the presence of infection 
for a period had no marked effect on the total 
healing time. The infection they observed 
temporarily delayed healing, but the subse- 
quent increase in cicatrization compensated 
for the delay. 

To make certain whether the extent of in- 
fection which did occur influenced healing ap- 
preciably, the time of healing of the wounds 
noninfected for a period of 3 days or longer 
was averaged, the same being done for the 
infected. The average time of healing of the 
wounds which showed some infection for 3 
days or more (29 such wounds) was 39 days 
and for the noninfected wounds 40 days (23 
such wounds). So, it is certain that the degree 
of infection present in the wounds we observed 
did not delay healing. This does not imply 
that more extensive infection will not delay 
the healing of wounds. 

Did the presence of sulfathiazole in a concen- 
tration of 2.5 per cent retard healing? ‘The 
results on regeneration of the excoriated 
wounds and the later study of the rate of 
growth of hair from the regenerated as com- 
pared to a nontraumatized area showed that 
sulfathiazole in a concentration of 2.5 per cent 
did not impair regeneration. The results of a 
comparison of the effect of boric acid oint- 
ment and of the sulfagel film show clearly that 
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sulfathiazole in a concentration of 2.5 per cent, 
as well as the other ingredients in sulfagel, if 
“toxic,” is no more “toxic” than boric acid 
ointment. 

Cannon and Cope clearly demonstrated by 
treating human excoriated wounds, resulting 
in the area from which a graft was removed, 
that the type of treatment affects the rate of 
healing. Tannic acid, tannic acid-silver ni- 
trate, gentian violet and triple dyes, and Pick- 
rell’s solution delayed epithelial healing as 
compared to boric acid (10 per cent) oint- 
ment. However, in their experiments a firm 
dressing was placed over the boric ointment 
gauze and not over the substances used to 
produce an eschar. In our experiments, the 
Pickrell’s film and the sulfagel film were band- 
aged alike, so the firmness of the dressing was 
controlled. Nevertheless, the wound treated 
with Pickrell’s solution enlarged more and 
healed more slowly than the wound treated 
with the sulfagel film. 

Although our results have produced no evi- 
dence showing that sulfathiazole in a concen- 
tration of 2.5 per cent in a petrolatum base or 
a gelatin base delays healing as compared 
with boric acid (10 per cent) ointment, this 
does not mean that higher concentrations of 
sulfathiazole may not delay healing. Cannon 
and Cope found that a 5 per cent sulfadiazine 
ointment did not delay healing of “donor 
graft wounds” as compared to boric acid oint- 
ment. 


TABLE IV.—EXPERIMENT E, SULFAGEL COM- 
PARED WITH BORIC OINTMENT WITH PRESSURE 



















































































Size of | & : % diff. 
original eae Days of Days of wounds 
wound of so d infection healing operative 
Dog| *4: in. and healed 
No. 
ois : a F : 
S | | Left | Right) | | ‘| Left | Right} Left | Right 
alm S| 2 
t | 4.0] 4.0] 77.5] 135 ° ° 29 32 7.5D| 7.5D. 
2 | 4.0] 4.0] 122.5] 177.5] Oo] 5 25 30 | 20 Ij27.5D 
3 | 4.0] 4.0] 55 122.5} ©| 9 | 30 27 | 30 Ij2o D 
4 | 4.0} 4.0 47.5} 4s o}] Oo} 32 32 |ts I/32.5D 
5 | 4.0] 4.0] 127.5] 205 o | 16 31 34 | 0 10 D 
Ave.| 4.0] 4.0} 86 137 ° 6 29.4) 31 5.5 Iir9.5sD 
' 
Left side—sulfagel applied by the ‘‘new method.” “D”, decrease 
Right side—vasoline borate gauze pressure. “]”, increase. 
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TABLE V.—COMPARISON OF RESULTS OBTAINED 
WITH TWO DIFFERENT METHODS OF APPLI- 
CATION OF THE SULFAGEL FILM 








Size of . Days re- % diff. 
original ——- _ Days of quired for wounds 
wounds of woned infection complete operative 
sq. in. regeneration | and healed 





Old | New | Old | New 
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4.0] 4.0 | 162.5) 107.5] Oo] O | 45 43 | 5.5D)27.5 I 
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84.7| 6.2] 0.3] 48.6] 32.1] 4.7 Ij 5.7 I 





“D”, decrease. “T”, increase. 


Does a dressing held firmly on the wound pro- 
mote healing? It has been demonstrated that 
compression dressings decrease the loss of 
fluid and the incidence of shock in extensive 
burns (9, 12, 13). It has been emphasized 
that pressure dressings are fundamental in the 
preparation of wounds for and in increasing 
the extent of “take” of skin grafts. However, 
we are unaware of an experimental study in 
animals on the effect of a firmly applied dress- 
ing on the rate of healing of a burn. 

Our experimentally controlled results show 
that a firmly applied dressing promotes the 
healing of burns. For example, when the sulf- 
agel film was applied without a firm pressure 
dressing in 8 dogs (experiment C, Table II) 
the average healing time of the burn was 48.6 
days, but when applied with a firm pressure 
dressing in 10 dogs (experiments D and E, 
Tables III and IV) the average healing time 
was 32.1 days, a difference of 16.5 days. 

Whether the firm pressure acts to compress 
the capillaries and inhibit the growth of granu- 
lation tissue, or to bring the dressing into firm 
contact with the wound so that it serves as a 
bridge to support the growth of epithelial 
tissue is conjectural. Both factors may be con- 
cerned as pointed out by Twyman, who ob- 


served that if a piece of adhesive is placed 
across the middle of a large third degree 
wound, the epithelium will rapidly grow across 
the wound under that portion of the tape 
which is in firm contact with the granulation 
tissue. 

A comparison of the results (Table VI) of 
the use of an ointment (sulfathiazole oint- 
ment) and a film (sulfagel) which offers some 
support, with and without a firm dressing, 
indicate that a firm and supporting type of 
dressing is imperative when a burn is located 
in a region in which the skin tends to sag or 
the wound tends to enlarge. 

These experimental observations on ani- 
mals serve to reinforce recent clinical evidence 
and views regarding the importance of a firm 
dressing, without using unphysiological pres- 
sures, in the promotion of healing of burns 
(1, 2, 12, 15) as well as in the prevention of 
shock (1, 8, 9, 11, 12, 13). 

The rate of healing. In the experiments per- 
formed by Carrel and Hartman and Clark 
on dogs, no initial enlargement of their wounds 
produced by excision was observed as a rule. 
The wounds produced by Clark were much 
smaller than those we produced by excision or 
by burning; they mea:ured from 1.9 to 3.75 
square centimeters and were not dressed. 
Those produced by Carrel (4, 5) were smaller 
(3.5-5.2 sq. cm.) and dressed with a firmly 
placed bandage in some instances (4) and in 
others (5, 7) were somewhat larger (34 to 40 
sq. cm.), though a cotton pad and shirt were 
used to cover the talcum powder, plain gauze, 
or paraffin dressing. He attributed any en- 
largement to an error in measurement, which 
we avoided by training our dogs to stand 
quietly in a stock during dressing, mensura- 
tion, and photographic procedures. Neverthe- 
less, we observed the same latent period of 
from 4 to 7 days (4, 5, 8) before any evidence 
of healing (decrease in size of wound and fibro- 
plasia) was grossly detectible. Except for the 
enlargement of the wounds, the curve of heal- 
ing was similar in contour to those observed 
by Carrel and Du Nouy (4, 5) and Clark. 

The wound produced by burning appeared 
to heal on the average more slowly than the 
wound produced by excision, unless a firm 
dressing was used. It is, of course, impossible 
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to determine without a microscopic section 
just how far the injury extended beyond the 
actual area of the hot iron. The area actually 
burned was estimated by inspection to extend 
beyond the hot iron to involve an area of 25.8 
square centimeters instead of the 21.4 square 
centimeters which was the actual area of the 
iron. It matters not, however, whether 21.4 
or 25.8 square centimeters is used as the area 
burned, the average rate of healing was slower 
in the burn than in the excision wound when a 
loose dressing was applied. For example, in 
Table VII compare the figures in columns A, 
B, and C, especially B and C, in experiments 
B and C. However, when a firm dressing was 
applied the burn healed, as or more rapidly 
than the excision wound with a loose dressing. 
For example, in Table VII compare the figures 
in columns B and C in experiments D and E, 
using sulfagel, with those in the same columns 
in experiment B, using sulfagel. 

The amount and retraction of the scar. The 
area of the epithelial scar was accurately 
measured but the amount of fibrous scar could 
be only roughly estimated by the method we 
used. It probably would have been preferable 
to have determined its wet and dry weight and 
then to have analyzed it for collagen or nitro- 
gen content. 

We were interested in obtaining some idea 
of the size of the epithelial scar and the 
amount of fibrous scar, because the sulfagel 
contained some potassium iodide. Iodides are 
supposed to have ‘an histolytic effect,” to 
‘aid in the resorption of inflammatory lesions,”’ 
“to mobilize fibrous tissue,” and “to favor the 
absorption of fibroses” (10, 14). In vitro, 
iodides render colloids more soluble and less 
viscid, and hence may decrease the degree of 
“contraction” of fibrous tissue, though it is 
conjectural whether in therapeutic concentra- 
tions this effect occurs (14). 

Referring to Table VI, it will be noted that 
the amount of fibrous scar, as roughly approx- 
imated by the method we used, is quite con- 
stant except in the instance in which (sulfa 
ointment treatment of the burn) the wounds 
healed slowest. In regard to the area of the 
scar at the time epithelization had been com- 
pleted, it is interesting to note that the aver- 
age area of sulfagel scars is consistently larger 
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TABLE VI.—SUMMARY, AVERAGES 


























Max.* 
area Dap Days or Thick- a 
Procedare cm.? | o for scarq | Bess ,| Re- 
% | infec-| heal- sq of of marks 
in- | tion | ing - | scar 
Poot cm. scar 
Exp’t B 
Sulfagel $1.5 Loose 
Excision dress- 
woundt 150 4-6 | 33.3 | 34.8 | 0.20 | 6.06 | ing 
Sulfa oint- 
ment 60.6 Loose 
Excision dress- 
woundt 200 16.0 | 32.5 | 31.9 | 0.21 6.7 | ing 
Exp’t C 
Sulfagel 67.2 Loose 
Burnt 162 6.2 | 48.6 | 26.8 | 0.26 7.0 | dress- 
Sulfa oint- ing 
ment 04.5 
dress- 
Burnt 267 13.0 | 54.1 | 23.3 | 0.42 9.8 | ing 
Exp’t D. ‘ 
Sulfagel 47.0 Firm 
pert 83 0.6 | 34.8 | 27.3 | 0.26 7.1 | dressing 
Pickrell’s 73-5 Firm | 
Burnt 186 5.0 | 43.6 | 214.2 | 0.33 7.0 | dressing 
Exp’t E. 3 
Sulfagel 48.0 Firm, 
Burnt 86 ° 29.4 | 27.1 | 0.24 6.5 | dressing 
Boric oint- , 
ment 61.0 Firm 
Burnt 137 6 31.0 | 20.8 ' 0.25 5.2 | dressing 























*Indicates the increase in the size of or the maximum size of the 
wound after its infliction. 

tArea of skin actually removed about 20.5 cm.? 

tArea of skin burned by hot iron about 25.8 cm.?; the actual area of 
the iron was 21.4 cm.? 

qArea of scar measured on epithelial surface. The thickness measured 
is that of the fibrous tissue beneath the epithelium. 


than the average area of the scars treated with 
noniodized preparations. This is true regard- 
less of the fact that the wounds not treated 
with the sulfagel film manifested more initial 
enlargement. This was also true when the 
healing time was approximately the same for 
the sulfagel film and the therapeutic prepara- 
tion with which it was compared. 

This observation suggests that the iodide 
decreased the extent of “contraction” of the 
fibrous tissue. How long this effect might 
persist is conjectural, because we have not 
made observations on the extent of contrac- 
tion of the scar after complete epithelization 
occurred. If the observation proves to be true, it 
would be of interest to know the effect of 
orally administered iodides after epithelization. 

Since healing occurs by “contraction” of 
fibrous tissue as well as by epithelization, 
would the apparent effect of the local applica- 
tion of iodides be beneficial? It was not dele- 
terious in wounds of the size we studied. It 
might be deleterious in larger wounds, which, 
however, are usually treated by skin grafting. 
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TABLE VII.—AVERAGE RATE OF HEALING OR 
AREA EPITHELIALIZED PER DAY 





Average rate of healing per day 
expressed as square centimeters 


















































Type of wound | According age pp ding 
and dressing | to oa - pet nun ‘ 
a parently | minimally 
: produced | produced 
A* Bt Cc 
Experiment B 
Excision Sulfagel (8 dogs) 1.55 0.62 0.62 
Loose dressing sulfa ointment 
(8 dogs) 1.87 0.63 0.63 
Experiment C 
Burn Sulfagel (8 dogs) 1.38 | 0.53 °.44t 
Loose dressing sulfa ointment | | 
(8 dogs) | 1.74 | 0.48 | ©.40 
Experiment D | | 
Burn Sulfagel (5 dogs) | 1.36 °.74 | 0.62 
; , } 
Fiim dressing Pickrell’s (5 dogs) | 1.68 | °.590 °.49 
Experiment E | 
Burn Sulfagel (5s dogs) | 1.63 °.88 °.73 
Firm dressing Boric ointment | 
5 dogs) | 1.07 0.83 0.69 
Experiment E and D } 
Burns ‘ Average of boric, | 
Firm dressing Sulfagel (10 dogs) | 1.40 0.66 | o 67 





60.6+32.5—1.87 
20.5 +32.5 =0.630 
25.8+54.1=0.477 
21.4+54.1 =0.305 


*51.5+33.3=1.55; 
t20.§+33.3=0.615; 
25.8+48.6=0.531; 
t21.4+48.6=0. 440; 


If in the case of skin grafting, iodides should 
prove to decrease the extent of “contraction” 
of fibrous tissue, better end-results might be 
obtained. 

We should emphasize that the foregoing 
discussion is only speculative. The larger 
epithelial scar associated with sulfagel therapy 
may prove to be a “court-plaster effect”’ rath- 
er than an iodide effect. We shall not know 
which until either boric acid ointment with or 
without potassium iodide or sulfagel film with 
and without potassium iodide have been com- 
pared. 

SUMMARY 

A uniform sized excoriation wound, an exci- 
sion wound, and third degree burn was made 
on each side of the back of dogs. The effect 
of several medicated preparations on healing 
was compared by placing one of the prepara- 
tions over the wound on one side of the back 
and another over the wound on the other side 
of the back. A 2.5 per cent sulfathiazole oint- 
ment, Pickrell’s solution, which produces a 


film, and ro per cent boric acid ointment were 
compared with a gelatin film containing 2.5 
per cent sulfathiazole, some potassium iodide, 
and enough glycerine and water to render the 
film pliable. 

It was found that a wound produced by re- 
moving the skin to the depth of the base of the 
hair follicles healed in the same period of time 
when treated with the gelatin film and the 2.5 
per cent sulfathiazole ointment. The epi- 
thelium healed completely as judged by com- 
paring the hair growth of the regenerated skin 
with a nontraumatized area. 

Using a loosely applied dressing, the exci- 
sion wounds (20.5 sq. cm.) healed in the same 
time when treated with the medicated gelatin 
film and the sulfa ointment, though the burn 
wounds (25.8 sq. cm.) healed (complete epi- 
thelization) somewhat more rapidly on the 
average when treated with the medicated gela- 
tin film. 

With the use of a firmly applied dressing, 
the burn wounds treated with the medicated 
gelatin film healed more rapidly on the aver- 
age than those treated with Pickrell’s solution. 
When the burn wounds were treated with the 
gelatin film and boric acid (10 per cent) oint- 
ment, the healing time was the same. 

The medicated gelatin film (sulfagel) is best 
applied by melting some of the film and pour- 
ing it over the wound; after it gels a sheet of 
the film is placed over the wound and held in 
place by a firm dressing. 

The incidence of infection was less with the 
medicated gelatin film than with the other 
medicated preparations used. But the extent 
of infection present in the wounds had no 
effect on the average healing time. Twenty- 
three noninfected wounds healed on the aver- 
age in 40 days and 29 wounds slightly infected 
for 3 or more days healed in 39 days. 

Evidence was obtained which indicates that 
a wound produced by burning heals less rapid- 
ly than a wound produced by excision. The 
appetite of the dogs was decreased more by 
the burn and the burn appeared to increase 
their susceptibility to respiratory tract infec- 
tion. 

The evidence definitely shows that @ firmly 
applied dressing decreases the time required for 
the complete epithelization of a burn wound. 
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The area of the scar at the time the wound 
had been completely covered with epithelium 
was larger on the average in all experiments.in 
which the medicated gelatin film was used. 
The total amount of scar tissue was not sig- 
nificantly greater, however. The film con- 
tained potassium iodide which is supposed to 
favor “the absorption of fibroses.” Further 
study is required before it can be concluded 
whether the effect is due tov potassium iodide 
and is advantageous. 

Medicated gelatin covered with a medicated 
pliable sheet of gelatin and a firmly applied 
gauze or cotton dressing can be used for the 
treatment of burns and may prove to be more 
desirable than other preparations now used 
clinically in the management of burns and ex- 
tensive skin wounds. Our observations do not 
indicate that it is superior to a firmly applied 
boric acid ointment dressing in regard to the 
time required for the complete epithelization. 


(Boric acid ointment was used in these studies because the 
area of third degree burn was relatively smal] and a sys- 
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tematically toxic amount of boric acid was not subject to 
absorption.) 
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DEBRIDEMENT—-WHEN AND HOW MUCH? 


A Comparative Study of Battle Casualties 


CLARENCE W. MONROE, M.D., Lieutenant Colonel, M.C., A. U. S., Oak Park, Illinois 


N the minds of many surgeons there is no 
longer any argument that débridement 
should be accomplished at the earliest 
possible moment and, especially in the 

case of extremities, should be a procedure suf- 
ficiently radical to explore the depths of the 
wound, to remove all devitalized tissue, for- 
eign bodies and detached bone fragments, and 
to permit adequate drainage. The majority of 
surgeons treating war wounds would adopt 
this procedure as soon as the patient is seen. 
Fruchard, on the other hand, draws a distinc- 
tion between epluchage and débridement. The 
former is essentially the procedure just cited, 
which he feels should be done only in the first 
48 hours after injury. He defines débridement 
as the simple excision of the skin margins of 
the wound and the establishment of drainage. 
This, he states, is all that should be done after 
48 hours. Ferguson, Brown, Nicholson and 
Stedman, on the other hand, state that with 
the local use of sulfathiazole radical débride- 
ment appears unnecessary and in many cases 
actually destructive. In reporting the treat- 
ment of 4000 battle casualties aboard a hos- 
pital ship they make the following statement, 
“Bullets often caused no more trauma than 
might be expected if an ice pick were suddenly 
thrust througha part and pulled out. Into these 
simple wounds sulfathiazole was sprayed and a 
pressure bandage of elastic webbing applied. A 
patient with a through-and-through wound of 
the leg or thigh was usually able to be up and 
walking 4 to 5 days after injury and the wounds 
healed in 7 to 10 days. We havenot seen a single 
case of infection develop in a patient treated in 
this manner.” Perhaps the type of spray used 
by these writers accounts for the difference in 
their results. Certainly their experience cited 
in the last line of the quotation has not been 
shared by many others. Kessler, reporting 
1650 battle casualties, encountered 36 cases of 
gas gangrene (an incidence of 2.18 per cent). 


He makes the significant statement that “gas 
bacillus infection did not develop in any 
wound on which thorough débridement had 
been done.” 

The author was on the surgical staff of an 
evacuation hospital during two campaigns in 
the Southwest Pacific. A brief résumé of the 
care given to the casualties in each instance 
and of the results will suffice to bring out cer- 
tain important facts. 

The first campaign covered a period of 2 to 
2% months during which time practically all 
the troops involved lived on ‘‘C” rations. 
Because of supply problems even these were 
difficult to obtain at times. The tactical situa- 
tion required many of the troops to make long 
jungle marches on short rations before making 
any contact with the enemy. Casualties did 
not begin to occur in very large numbers until 
the campaign was about 3 to 4 weeks old. 
When they did occur the great majority were 
seen within 4 to 6 hours of injury by small 
surgical units very near the scene of action. 
These units had been directed to débride 
thoroughly and to splint wounds of the ex- 
tremities. Abdominal wounds were to be sub- 
jected to operation as soon as the patient was 
considered in proper condition for the proce- 
dure. Following surgery these patients were 
moved to the rear as early as their condition 
would permit. The journey included travel by 
native litter, jeep, plane, and a 5 mile ambu- 
lance ride to reach our hospital. On the aver- 
age they arrived about 48 hours after injury. 

Upon arrival all were lean, thin, almost bor- 
dering on emaciation—as one officer put it 
“they are as fine as racehorses” —but com- 
paratively few of them showed signs of toxic- 
ity. A large percentage had had sulfa drugs 
orally in amounts sufficient to produce a very 
mild cyanosis. About 10 per cent of them re- 
quired a more extensive or a primary débride- 
ment because of inadequate drainage from 
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their wounds, manifested by toxicity. The 
majority of the patients with chest wounds 
and some of those with compound fractures, 
even though adequately débrided, were among 
the ones who showed toxic symptoms. In the 
battle casualties encountered in this campaign 
there were 10 cases of gangrene, of which 8 
were due to bacterial agents, the other 2 to 
blood vessel injury. 

There were 14 deaths in this group of cases 
which were distributed as follows: gangrene, 
4; abdominal wounds with peritonitis, 4; chest 
wounds with pneumonia or septicemia, 3; 
brain wounds with meningitis, 2; and exten- 
sive face and neck wound followed by septi- 
cemia, I. 

The second campaign lasted only 3 to 4 
weeks. The troops involved were moved out of 
a staging area where diet was adequate and, 
within 4 days, the first casualties were back at 
the hospital. These men were fed on “‘K” 
rations during the campaign, a recently de- 
veloped and more adequate diet than “‘C”’ 
ration. The medical setup in the forward area 
was quite similar to that of the first campaign 
in location and equipment. There were prob- 
ably not quite so many well trained surgeons 
in these units as in the first campaign. The 
method of treatment of wounds of the extrem- 
ities in this campaign in the forward areas was 
only the application of sulfanilamide crystals 
and sterile dressings with adequate immobil- 
ization. Any further treatment required in 
such extremities was to be given in the rear 
areas. Wounds of brain and serous cavities 
were to receive immediately the definitive 
treatment indicated. 

Evacuation in this campaign was from the 
beachhead medical units to barges, thence by 
a 36 to 40 hour water trip to the rear area 
where a 10 mile ambulance ride completed the 
journey to our hospital. The patients arrived 
on the average about 72 hours after injury. 
These men were well nourished, not thin and 
emaciated as in the first campaign. However, 
practically all who had wounds of any extent 
showed evidence of toxicity. Many had their 
original battle dressing still in place. Temper- 
atures of 102 to 104 degrees F were the rule 
rather than the exception. Splinting was 
quite adequate except that too many men had 
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had Collins hitch or shoe traction applied for 
several days because of fractures. This proce- 
dure has never been sufficiently condemned. 
Pressure necrosis of the dorsum of the foot 
with, in some cases, exposure of the tendons is 
a terrible burden to add to a compound 
fracture. 

Of the 250 patients received during this 
campaign 54 per cent required débridement 
upon admission to our hospital. There were 13 
cases of gangrene of which 10 were due to 
bacterial agents, or an incidence of 4.0 per cent 
of bacterial gangrene. To be fair, it must be 
stated that the administering of sulfa drugs in 
the course of evacuation was not so success- 
fully achieved as was true in the first cam- 
paign. Two patients with compound brain in- 
juries and 3 with abdominal wounds were re- 
ceived in this campaign. All had been sub- 
jected to operation in the forward area and all 
recovered readily. 

There were 2 deaths in this group (0.8 per 
cent mortality). It is to be noted that the 
patients reached us from 2 to 5 days (average 
3) after injury; consequently, there were fewer 
deaths in the hospital and more in transit. 
One death was due to gas gangrene of the left 
arm and a perforating chest wound with hemo- 
thorax. The patient died 30 hours after ad- 
mission, never having responded sufficiently 
to restorative measures to permit of amputa- 
tion. The other death was due to suffocation 
when the patient aspirated a large mucopur- 
ulent plug from a very extensive wound of the 
lower jaw and neck involving the larynx and 
trachea. 

Of the 10 cases of bacterial gangrene 5 were 
of the exact type Ferguson and associates 
describe. They had small through-and-through 
perforating wounds of extremities (3 legs, 
2 arms) without bony damage. None had had 
more treatment than the application of sulfa 
drugs and a dry dressing. 


COMMENT 


Personal experience with war wounds leads 
to a disagreement with the statement of Fer- 
guson and associates, that bullet wounds often 
cause no more damage than an ice pick. It is 
our belief that high velocity projectiles cause 
cellular and molecular derangements in the 
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tissue at a distance from the site of the visible 
wound. The tendency for war wounds when 
sutured to break down even after wide dé- 
bridement gives support to this statement. 
No surgeon: would hesitate to suture an ice 
pick wound after débridement but very few 
who have seen much of war surgery would be 
willing to suture war wounds, especially those 
of the extremities. Cellular and molecular de- 
rangements are reversible reactions. This is 
demonstrated by the rapidity with which the 
adequately débrided unsutured war wound 
heals without further loss of tissue. It is 
further proved by the success of so called 
“primo-secondary”’ suture now advocated by 
many surgeons. In 4 to 5 days the cells bor- 
dering the wound recover from the blast ef- 
fect of the high velocity projectile and are 
again amenable to suture. 

On the other hand, there are occasional 
battle wounds which do heal like an uncom- 
plicated ice pick wound even though nothing is 
done to them. However, the assumption of 
the surgeon who first sees such a wound that 
this will always be the case is unjustifiable and 
may lead to catastrophe. As has been pointed 
out, 50 per cent of our cases with gangrene 
showed exactly the same injury which Fer- 
guson describes and to which he would do 
nothing but spray in sulfathiazole and apply a 
pressure dressing. The magic sulfa wand was 
never intended to make the surgeon lose sight 
of good principles. Certainly the simple ex- 
cision of the wound margins and extension of 
the incision sufficient for proper inspection of 
tissues is the due of every patient. One needs 
see only once the extensive soft tissue damage 
inside an innocent-looking extremity to be 
convinced of the wisdom of looking at every 
wound. Naturally, after considerable exper- 
ience with war wounds the surgeon may begin 
to exercise some selection, but the man who has 
not seen many war wounds should err on the 
side of radicalism. This implies, of course, a 
clear knowledge of anatomy, the location of 
essential structures. 

Ferguson may well reply that their mortal- 
ity rate (0.18% in 4039 patients) is hard to 
excel. However, he states that they received 
a few cases in 12 hours, a somewhat larger 
number in 2 to 4 days, and the bulk of them 5 
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to 14 days after injury. It seems quite likely 
that those who were going to die never reached 
their hospital ship. More than half of our 
deaths occurred within 24 to 36 hours of ad- 
mission and since the average time lapse from 
injury to admission in our cases was 2 and 3 
days, respectively, our figures and Ferguson’s 
are hardly comparable. Also since % of his 
patients were navy personnel they may not 
have been exposed to soil on which natives 
had lived with their well known lack of sani- 
tation. When injuries are received in this 
terrain débridement is essential to save all the 
limbs possible. 

In this same connection some surgeons state 
that débridement of war wounds is more satis- 
factory if postponed 48 to 72 hours after in- 
jury because of sharper differentiation be- 
tween live and dead tissue after this interval. 
In the interim it is assumed that bacterial 
growth will be held in abeyance by large doses 
of sulfa drugs. This assumption seems con- 
trary to accepted surgical principles. First, 
because there is as yet no clear proof that sulfa 
drugs exert any deterrent effect on the growth 
of clostridia, the organisms most to be feared 
in war wounds. Second, because one can never 
rely on the adequate administration of sulfa 
drugs along the line of evacuation of the 
wounded. Third, because it is so easy to 
avoid all trouble by adequately opening the 
wound. 

The two series of cases presented do, per- 
haps, give an unfair comparison. In one series 
go percent of the patients were given adequate 
débridement and sulfa therapy; the other 
series were given no débridement and inade- 
quate sulfa therapy. The conclusion seems 
evident that the earlier and more adequately 
débridement is done the lower will be the 
morbidity and mortality rates. Certainly sev- 
eral soldiers who have been through our hos- 
pital would not now be minus extremities had 
débridement in their cases been accomplished 
early. This does not imply criticism where 
medical service cannot be given in the forward 
area. But when one can adequately treat brain 
and abdominal wounds one is not justified in 
denying treatment to the patient with a 
wound of an extremity. If the paper of Fer- 
guson and associates has lead to this miscon- 
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ception in the minds of some surgeons it 
should be corrected at the earliest possible 
moment. 


SUMMARY 

A résumé of one hospital’s experience with 
the battle casualties in two campaigns in the 
Southwest Pacific is given. The pertinent facts 
are: 

1. First campaign was of relatively long 
duration, food supplies were short, there were 
1203 casualties, of which go per cent were 
adequately débrided early (4 to 6 hours). 
Morbidity was low in patients with extensive 
wounds, and the incidence of bacterial gan- 
grene was 0.66 per cent. 

2. Second campaign was of short duration, 


food supply was adequate, there were 250 
casualties. No débridement of extremity 
wounds was done. Morbidity was high in 
patients with extensive wounds, and the in- 
cidence of bacterial gangrene was 4 per cent. 

A plea is made for early débridement which 
at the very least provides adequate drainage 
from the wound even if all devitalized tissue 
is not removed. 


REFERENCES 


1. Editorial. Debridement versus conservancy. U. S. 
Nav. M. Bull., 1943, 41: 1453. 

2. FERGUSON, L. K., Brown, R. B., NICHOLSON, J. T., and 
STEDMAN, H. E. U. S. Nav. M. Bull., 1943, 41: 
299-395. 

FRUCHARD, H. Lancet, 1942, 1: 725-7. 

KessLer, Henry H. et al. U.S. Nav. M. Bull., 1943, 
41: 1540-56. 


ay 





THE PILONIDAL SINUS 


Sacrococcygeal Cyst Teratoma! 


FRANK V. THEIS, M.D., 


F.A.C.S., Lieutenant Commander M.C., U.S.N.R., 


MERRILL W. RUSHER, Lieutenant (j.g.) M.C., U.S.N. 


HE pilonidal sinus is an important 

and serious problem in the armed 

forces because of its frequent occur- 

rence, the prolonged period of hos- 
pitalization sometimes following surgical pro- 
cedures, and the number of recurrences with 
or without surgical treatment. Naval morbid- 
ity statistics reveal that nearly as many sick 
days are recorded for this disease as for appen- 
dicitis (22). Many surgical procedures have 
been described in the literature but the actual 
results observed are yet disappointing. Some 
unsatisfactory results are due primarily to 
conditions existing in the armed forces and 
hospitals. The purpose of this paper is to 
analyze the results of various procedures as 
observed in a U.S. Naval Hospital, to de- 
scribe the method that has been the most 
satisfactory, namely that of modified partial 
closure, and to enumerate the factors con- 
tributing to poor results. 


PATHOLOGY 


The origin of the pilonidal cyst or sinus is 
generally accepted as a congenital invagina- 
tion of cutaneous structures in the midline of 
the sacrococcygeal area. Microscopically, the 
sections contain islands of epithelium (Fig. 1), 
or the cyst may be lined with stratified squa- 
mous epithelium (Fig. 2). During and after 
puberty the endocrine stimulus which controls 
the development of the cutaneous structures 
(hair, sebaceous glands, etc.) also acts on the 
isolated pathologic areas of epithelium of the 
cyst teratoma. Frequently after being trau- 
matized, the nodus of epithelium which by 
this time contains hair follicles and occasion- 
ally sweat and sebaceous glands becomes in- 


The opinions contained herein are the private ones of the 
writers and are not to be construed as official or reflecting the 
views of the Navy Department or thé Naval Service at large. 

From the U. S. Naval Hospital, St. Albans, L. I., N.Y., and the 
Presbyterian Hospital of Chicago. 

1U. S. Navy nomenclature. 


fected (6, 12) because of its location between 
the gluteal folds and its proximity to the anus. 
After infection and extension from spontane- 
ous or traumatic rupture or incision and 
drainage, only a small amount of epithelium 
may be present but extensive infected granu- 
lation tissue remains (Fig. 3a and 3b). The 
microscopic pathology is that of infected 
granulation tissue (Figs. 4a, 4b, and 5) with 
occasional islands of cutaneous structures 
(1, 6, 10, 12). 
DIAGNOSIS 

The diagnosis of pilonidal disease is made 
from the history of painful swelling in the 
sacrococcygeal region accompanied by inter- 
mittent purulent drainage or by the presence 
of cutaneous dimples or draining sinuses. 
Fistula-in-ano may occasionally be confused 
with pilonidal sinus; other conditions to be 
differentiated are furuncle, sebaceous cyst, 
skin mycoses, lipoma, fibroma, osteomyelitis 
of coccyx or sacrum, tuberculosis, syphilis, 
and anthrax (1, 10, 12). 


SURGICAL PRINCIPLES AND TREATMENT 


The method of modified partial closure here- 
with described consists of (1) block excision of 
the pilonidal cyst and sinus, (2) tension su- 
tures which include the presacral fascia, (3) 
primary closure of the subcutaneous tissue 
with interrupted sutures, and (4) separation 
of the skin edges to delay healing of the skin 
by means of vaseline iodoform gauze placed 
between the edges.” The delay in skin healing 
permits escape of wound secretions until firm 
union of the subcutaneous tissue occurs, thus 
preventing hematoma formation or serum 
collections within the wound. 

Selection of cases and preoperative care. Ex- 
cision is not performed in the presence of acute 


*This method of modified primary closure was devised and used by 
Dr. Vernon David, Presbyterian Hospital, Chicago, Illinois. 
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Fig. t. Photomicrograph of cross section through dimple, 
D, of pilonidal area showing lumen of sinus, L, with sur- 
rounding infected granulation tissue, G. Note microscopic 
islands of epithelium £, in subcutaneous tissue. 


infection. Warm moist magnesium sulfate 
dressings are applied to the affected area until 
infection subsides. Often incision and drain- 
age is required to evacuate an infected cyst or 
abscess, but sufficient time should elapse for 
infection to subside before radical excision is 
performed. Probing or injecting dye into the 


Fig. 2. Photomicrograph of a cross section of a pilonidal 
sinus, L, completely lined with stratified squamous 
epithelium, £, and surrounded by layer of granulation 
tissue, G. 


sinus before or at operation is not advised be- 
cause of the danger of spreading infection be- 
yond the walls of the sinus or cyst. The oper- 
ative field is prepared as in any other surgical 
procedure. 

Anesthesia. Spinal anesthesia with 100 mil- 
ligrams of procaine is used routinely with sat- 





Fig. 3. a, left, Low power, and b, high power. Section of 
pilonidal cyst lined with a small area of epithelium, /, but 
mostly with infected granulation tissue, G. The lumen, L, 


contains many hair follicles, H, and débris. Probing or in- 
jection of dye could break through soft granulations and 
spread infection. 
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Fig. 4. a, left, Low power; b, high power. Section through 
dimple, D, of pilonidal sinus with lumen, Z, surrounded 
with dense infected granulation tissue, G. Note absence of 


isfactory results. Local anesthesia is contra- 
indicated when closure is contemplated be- 
cause of the danger of spreading infection. 
Block dissection. Block excision (Fig. 6) is 
outlined by semieliptical incisions surround- 
ing the sinus openings, and too wide an ex- 
cision and incision too near the anal orifice are 
avoided. The dissection is carried vertically 


Be ae 





Fig. 5. Photomicrograph of section through deeply in- 
vaginated dimple, D, of epithelium but sinus tract, L, is 
completely lined with dense fibrous tissue, G. Probing or 
dye injection would be less likely to spread infection 
through fibrous tissue lining than through soft granulation 
tissue. 


epithelium in sinus tract. Infection or injected dye can 
easily be disseminated through soft granulation tissue into 
the surrounding subcutaneous tissue. 


to the sacral fascia with any deviations neces- 
sary to include all pathologic tissue. Because 
of its septic contents, the cyst or sinus should 
not be opened at operation. The coccyx and 
sacral fascia are left intact. Complete hemos- 
tasis isessential and frequently requires trans- 
fixion ligatures before closure. 

Modified primary closure. Tension sutures 
of dermal or silkworm gut (Fig. 7) are placed 
about 4 centimeters apart. The subcutaneous 
tissues are approximated by carefully placed 
interrupted sutures (Fig. 8). The sacral fas- 
cia is included in both the deep subcutaneous 
and tension sutures. The tension sutures are 
tied snugly over buttons or pieces of rubber 
tubing and a strip of vaseline iodoform gauze 
is placed between the skin edges (Fig. 9) to 
permit serosanguineous drainage. 

Postoperative dressings. The dressings are 
applied to seal the wound from the anus. A 
wide strip of adhesive tape is placed trans- 
versely across the lower end of the dressing 
and the base of the gluteal folds (Fig. 9). 
Tincture of benzoin applied to the skin and 
allowed to dry partially before the tape is ap- 
plied makes the seal more secure. 

Postoperative care. For the first 24 hours the 
patient is kept in supine position because of 
the spinal anesthesia and the firm pressure 
aids drainage. By the 5th day the dressing is 
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Fig. 6. Position of patient with buttocks retracted widely by means of strips of ad- 
hesive tape. Block excision of the pilonidal area is shown with undercutting of the 


base (insert cross section). 


changed but the gauze strip between the skin 
edges is left 7m situ until extruded by the gran- 
ulating wound (usually 5 to 7 days). The 
dressings are not changed again until the 
roth day when the tension sutures are re- 
moved. Strict surgical asepsis is used and 
dressings changed as infrequently as possible 
unless there is systemic or local evidence of 
infection. Cathartics are not advised because 
of the danger of soiling the dressings, but 
mineral oil is advantageous in aiding defeca- 
tion. Bed rest is continued until the tension 
sutures are removed. Defecation should be 
performed in upright position and the anus 
cleansed forward to avoid soiling of the dress- 
ing. The hair at the wound edges is kept 


closely shaved until the scar is firm. Trauma 
to the operative site should be avoided for 
some time after healing is complete. 


REVIEW OF CASES 


The summary of 150 cases treated in the 
U.S. Naval Hospital, St. Albans, Long Island, 
New York, is shown in the adjoining tables. 

The results obtained with open pack tech- 
nique in 29 cases is shown in Table I, Group 1. 
In this group postoperative care generally 
consisted of early daily dressings, sitz baths, 
and local application of various antiseptics. 
Delayed healing (126 and 120 days) occurred 
in a quiescent asymptomatic case, and in 1 
case of recurrence. Slow healing was the fore- 
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Fig. 7. Introduction of tension sutures through skin, 
subcutaneous tissue, and sacral fascia to approximate the 
wound edges and obliterate dead space. 


most disadvantage of this method as evi- 
denced by the average healing time of 62.1 
days. Observations in this group revealed 
that the end-result is sometimes a wide tender 
scar which is very susceptible to trauma, such 
as the following case. 


CasE 5. A 22 year old male was admitted com- 
plaining of drainage from a tender area at the base 
of his spine for 1 week. Examination revealed an 
acutely inflamed pilonidal sinus which was dis- 
charging pus. The sinus was treated with warm 
moist compresses for 9 days. A block excision of the 
pilonidal sinus was done and the wound packed open. 
The wound granulated slowly with daily sitz baths 
and dressings. Sixty-six days after operation he re- 
turned to duty with wound healed. One day later he 
was readmitted with the scar reopened. Examina- 
tion revealed that the wide tender operative scar 
which measured 2 by 5 centimeters had broken open 
for a distance of 3 centimeters. Sitz baths were 
given and the wound was treated daily with anti- 
septics and dressed Twenty-four days later (total 
convalescent time 90 days) the wound was finally 
healed. 


In Table I, Group 2 shows the results of 
partial closure methods in 39 cases. Tension 
sutures alone were used for partial wound 
closure which were usually removed on the 
4th to 8th postoperative day. In most cases 
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sitz baths and daily changes of dressings were 
started on about the 4th day and continued 
until the wound healed. Acute wound infec- 
tion occurred frequently (41%), and there 
were 2 cases of delayed healing (5.1%), and 
3 cases of recurrence (7.9%). The average 
healing time’ in the cases of this group was 
49.5 days. 

In Table I, Group 3 shows the results of 
various methods of primary closure. The 
postoperative care was not uniform in this 
group. Cotton suture material was used in 
the majority of these cases. Three cases of 
serious wound infection were reoperated upon 
later because of delayed healing. Postopera- 
tive infections occurred frequently (46.7%); 
most cases could be attributed either to oper- 
ating before infection had subsided or to con- 
tamination from the anus. Hematoma forma- 
tion and serum collections beneath the skin 
were not infrequent (13.3%). Rupture of the 
scar occurred in 4 cases (8.9%) which in 2 
instances was due to accumulation of serum 
beneath the scar. The average healing time 
of this group was 43.4 days. 

In Table I, Group 4 shows the results of the 
method of modified partial wound closure 
herewith presented (37 cases). Complete heal- 

1The term “healed” as used in this article means complete epitheliza- 


tion of the scar and absence of fibrin crusts. By ‘healing time” is meant 
the time required for complete healing after operation. 


,-- Approximation suture 
- layers 





Fascia 





Fig. 8. Closure of subcutaneous tissue by means of two 
layers of interrupted sutures. The deep layer of sutures 
includes the fascia overlying the sacrum. 
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ing was observed frequently within 14 days 
and 50 per cent healed within 3 weeks. Three 
cases had subacute infection at operation and 
all 3 developed wound infection with retarded 
healing. Four postoperative infections re- 
sulted from wound contamination. Two 
wounds reopened as a result of direct trauma. 
The end-results of this group were very satis- 
factory requiring less than 50 per cent of the 
mean healing time compared to other pro- 
cedures. There were 2 recurrences (5.4%) 
and the average healing time was 26.6 days. 
No hematoma or serum collections occurred 
within the wound. 

Table II shows the effect of the use of sul- 
fonamides in cases with wound closure. The 
local use of sulfanilamide powder (2 to 5 gm.) 
was observed to be of little value in prevent- 
ing postoperative infection but sulfadiazine 
given orally (1 gm. every 4 hrs.) appeared to 
be effective. 

Of 25 cases with gross evidence of acute 
pilonidal infection at the time of operation, 23 
developed postoperative wound infection, and 
5 had recurrences. Most of the 150 cases here- 
with reviewed were followed for about 3 
months. 


TABLE I.—PILONIDAL 


VARIOUS PROCEDURES 


SURGERY—RESULTS OF 









































Group 1 Group 2 Group 3 oe 4 
Open pack| Partial Primary . 
method closure closure partial 
closure 
No | Per | No | Per No| Per No.| Per 
| cent | cent | cent } cent 
Cases _ 29 _ 30 —_ as | 37 = 
Healing time—days a | a a = io - 
“Maximum [126| || 96 | oe] 74 | 
” Miniaum 4 30 a5 | 7 | eae 4 10 a 
Men - 50 16 ou Py ia rs >a 
‘Average [62.1 1s|  |a3-a| 266) 
Complications 7 ~ -_ a : 
‘Infections das = 16 41 on 67 | 7 | 7 
Hematoma Cae - | 6.9 I 2 6 “6 | IE fs 29 
Delaged heolien 3 | 10.3 2 . ay 69 ° i ake 
Rupture of scar a | 10.3 i . I 3 ; re ¥ | 2 | Pew 
fot eC EN, Eee Maleate. : : eel HS oe eee: 
Recurrences 1 ws 3 ne 12 5.5 | 2 | 5.4 














**Practically all cases in which the open pack technique was used had 
vound infections characterized by foul purulent discharge, but no acute 
wound infections appeared in this group. 





Tension sutures DRESSING 


tied 


Skin edges separated by 
ascline iodoform gauzé 


Fig. 9. Strip of vaseline iodoform gauze separates the 
skin edges to delay skin healing and to permit drainage. 
The iodoform gauze stimulates formation of granulation 
tissue and is spontaneously extruded from the wound by 
the 5th to 7th postoperative day. 


FACTORS CONTRIBUTING TO UNSATISFACTORY 
RESULTS 


Postoperative infection, delayed healing, 
and recurrence of the disease account for most 
of the poor results following operation. In 
most cases the occurrence of these complica- 
tions can be explained upon clinical or patho- 
logical bases. 

Acute infection is an absolute contraindica- 
tion for radical surgery and should have com- 
pletely subsided before excision is undertaken. 
Despite this precaution, postoperative infec- 
tion is observed but its frequency results from 
one or more of the following factors: (1) prob- 
ing or injecting dye into the infected sinus 
which is lined with soft granulation tissue; 
(2) opening sinus accidentally or intention- 
ally at operation, causing wound contamina- 
tion; (3) inadequate removal of the islands of 
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TABLE II.—PILONIDAL SURGERY—EFFECT OF 
SULFONAMIDES ON INCIDENCE OF INFEC- 




















TIONS* 
No. cases No. infections 
No sulfonamides used 66 28 
Local sulfanilamide 40 16 
Oral sulfadiazine ! 14 | 2 





*Only those cases in which wound closure was performed were included. 


epithelium or sinus tracts; (4) incomplete 
postoperative dressings which do not protect 
the wound from contamination; and (5) fail- 
ure to consider surgical asepsis because of ad- 
ministration of cathartics and sitz baths 
during the early period of wound healing. 

Delay in healing is usually due to extensive 
wounds from too radical excision, nonclosure 
of the wound, careless or incomplete approxi- 
mation of tissues in wound closure, presence 
of foreign body (infected suture material and 
unshaven hair at wound edges), and infected 
granulations. 

Recurrences are observed in all types of sur- 
gical procedures and are due occasionally to 
inadequate excision of the sinus but usually to 
infected granulation tissue-lined pockets in 
the depths of the wound (18). Other causative 
factors are postoperative infection, poor scar 
formation, and hematoma or serum collections 
beneath the scar. 


OBSERVATIONS 


The military surgeon can reduce the mor- 
bidity of pilonidal disease by: (1) operating 
only upon those patients in whom surgery is 
necessary; (2) allowing infection to subside 
completely before operating; (3) employing a 
satisfactory method of closure after complete 
excision of the pathology; and (4) focusing 
more attention on postoperative care. 

Many quiescent asymptomatic pilonidal 
cysts are discovered in routine physical ex- 
amination of military personnel and are re- 
ferred to the surgeon for excision. Since all 
sacrococcygeal cysts or sinuses do not cause 
subjective symptoms, it is unwise especially 
in the armed forces to operate on these pa- 
tients who may never require surgery and 
therefore surgery may result in unnecessary 
morbidity during wartime. 


Complete excision is one of the essentials of 
pilonidal surgery. Permitting the wound to 
heal entirely by secondary intension results in 
prolonged healing time and in a wide delicate 
scar (24). On the other hand, primary skin 
closures prevent subcutaneous drainage, caus- 
ing subcutaneous hematoma or serum collec- 
tions which become infected and result in 
sinus formation (1, 18). The advantages of 
primary wound closure are, more rapid heal- 
ing and smaller scars; David, Gage, Kooistra, 
and others recommend closure and present 
substantiating evidence. Open pack methods 
require from 45 to 118 days for healing (11, 15) 
and the scar is very susceptible to trauma (24); 
while closure methods require from ro to 43 
days (2) and the narrow scars are more re- 
sistant to trauma. The incidence of recurrence 
of the cyst or sinus following open pack opera- 
tion is shown rather conclusively by Kleckner 
to be less than that of the closure methods but 
this is not supported by others (12, 26). Re- 
currences can be decreased by adhering to 
Halsted’s surgical principles, i.e., atraumatic 
surgery, strict aseptic technique, complete 
hemostasis, and accurate approximation of 
tissues in wound closure. The time saved in 
performing satisfactory wound closure more 
than compensates for the time required in 
treating the occasional recurrence. 

Meticulous care of the wound and maintain- 
ing asepsis during healing are rewarded by 
more rapid healing and fewer recurrences. A 
small detail frequently overlooked is keeping 
the wound edges shaved to prevent growth of 
hair into the wound. 

Local application of sulfonamides are of 
little value for prophylaxis of infection (17) 
but oral sulfonamides seem to be of definite 
value. Heliotherapy (25) and roentgen ther- 
apy (7, 21) are advised for treating wound 
infection and delayed healing. 


SUMMARY AND CONCLUSIONS 


The pathology and treatment of the piloni- 
dal sinus are discussed. The factors which 
contribute to postoperative infection, delayed 
healing, and recurrences are enumerated and 
briefly discussed. 

A method of excision and modified partial 
closure is presented which diminishes the in- 
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cidence of recurrence, heals almost as rapidly 
as primary closure, and results in a narrow 
firm scar. 

Morbidity of pilonidal disease can be re- 
duced by: (1) operating only on those cases in 
which surgery is necessary, (2) allowing infec- 
tion to subside before operating, (3) employ- 
ing a satisfactory method of closure after com- 
plete excision, and (4) focusing more attention 
on the postoperative care. 

Surgery is not necessary in the absolutely 
quiescent asymptomatic case, especially among 
members of the armed forces during war time. 

In general, satisfactory results of pilonidal 
surgery are directly proportional to the metic- 
ulous care used in preoperative preparation, in 
the surgical technique, and in postoperative 
care. Oral sulfadiazine is of value in prophy- 
laxis of wound infection. 

The results of treating 150 cases by various 
surgical methods are analyzed. 
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THE PHYSICIAN, BLOOD TRANSFUSION, THE Rh FACTOR 
AND ERYTHROBLASTOSIS FETALIS 


RAYMOND J. PIER], B.S., M.D., F.A.C.S., and ROBERT C. SCHWARTZ, A.B., M.D., 
Syracuse, New York 


S a result of the war many thousands of 
physicians have migrated into our 
armed forces, leaving in most locali- 
ties only skeleton staffs to carry on 

the work of universities, colleges, hospitals, 
and civilian practice. The burden of respon- 
sibility for safeguarding the health of the na- 
tion falls upon the older physician who, ante 
bellum, had largely limited his practice to a 
specialty. In our smaller cities, particularly, 
he has been pressed into service as, among 
other things, accoucheur, or pediatrician, or 
both—rdéles which he had gladly surrendered 
to his younger colleague before the latter went 
into service. Because of earlier experience in 
these cases the surgeon and the gynecologist, 
as well as the obstetrician, are probably most 
affected by increased demands for their pro- 
fessional attendance upon both the parturient 
and the newborn. 

Thus today, and probably for the duration 
of the war, such physicians must supervise 
more blood transfusions, perform more ob- 
stetrical deliveries, and prescribe for more 
neonatal conditions than ever before. 

It is precisely in these cases that knowledge 
of the Rh factor, described currently in the 
literature and discussed editorially in scien- 
tific publications (3), may enable the attend- 
ant not only to avoid serious intragroup trans- 
fusion reactions, but potentially to save the 
lives of some mothers and babies. These rea- 
sons, and the belief that.it is an obligation for 
every medical or surgical attendant to ac- 
quaint himself with the réle of the Rh factor 
in isoimmunization, form the chief incentive 
for this presentation. 


DEFINITION OF TERMS 


To avoid confusion in the subject under 
discussion it is best that the physician refresh 
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his memory of certain facts concerning some 
of the properties of the blood cells and blood 
serum of humans. An explanation of certain 
terms used in this presentation and com- 
monly employed in immunology will be found 
in Table I. 


THE BLOOD GROUPS 


It will be recalled that Landsteiner in 1901 
(7) was the first to describe isoagglutination 
in man, and recognized a congenital differ- 
ence between the agglutinogens (red cells) 
(antigens) and agglutinins (serum) (anti- 
bodies) found in different individuals of the 
human species. On the basis of isoagglutinins 
(causing agglutination) of the red corpuscles 
of man he and his pupils (9) first described the 
four blood groups O, A, B, and AB, by which 
we may classify the blood of each individual 
of the human species. These groupings are 
hereditary according to Mendelian principles. 

For purposes of description we may con- 
sider each agglutinin (serum) and its corre- 
sponding agglutinogen factor (cells) as isomers 
or homologous images of each other, and 
graphically represent them as such (Fig. 1). 
Thus agglutinin A is the specific antibody of 
its homologue or image, the A agglutinogen or 
antigen. Likewise B agglutinin is the specific 
antibody of B agglutinogen. When both A 
and B exist together in the same specimen we 
may similarly represent them graphically 
(Fig. 1) as AB. 

A specimen of blood from an individual in 
group O (Fig. 2) will then be seen to be divis- 
ible into its cells, which contain no agglutino- 
gen, and its serum, in which both A and B 
agglutinins are present. In the same manner 
(Fig. 3) the blood of group A can be separated 
into its cells, containing A agglutinogen, and 
its serum, containing B agglutinin. Group B 
blood (Fig. 4) is the reverse of group A, con- 
taining B agglutinogen in its cells and A 
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TABLE I.—TERMS, SYNONYMS, AND DEFINITIONS 























Terms Synonym Definition 
Agelutinogen Antigen The agglutinable substance for which there is a specific antibody in the blood serum or which under proper 
conditions may stimulate the formation of such an antibody 
— ia Antibody | The specific substance which causes clumping of its corresponding (homologous) agglutinogen (antigen) 
serum 
Agglutination Clumping ~ | The result of a specific agglutinin acting upon its corresponding agglutinogen ee 
Isoagglutinin _ Isoantibody An agglutinin capable of agglutinating the agglutinogen (red cells) of another individual of the same species 





Isoimmunization 





| The production of a specific agglutinin or antibody in the serum of another individual of the same species 








aa ol 
Heteroimmunization| 


The production of a specific antibody (agglutinin) in the serum of an individual of another species. Example 


| by injecting the red cells of one species into the blood of another animal 





agglutinin in its serum. Group AB (Fig. 5) is 
the reverse of group O, containing both A and 
B aggiutinogen in its cells, while the serum 
contains no agglutinins. 

It is to be recalled here that the cause of 
most blood transfusion reactions is dependent 
upon agglutination of the donors cells by the 
serum of the recipient, due to the presence of 
specific isoagglutinin (antibody) in the latter. 
It is always desirable, therefore, to use as a 
donor an individual who is in the same blood 
group as that of the recipient. This, however, 
is not always practicable. Actually, the se- 
rum (isoagglutinin or antibody) of the donor 
becomes so diluted by the circulation of the 
recipient that the agglutinating property of 
the donor’s serum (upon the recipient’s cells) 
is rendered relatively impotent. Accordingly 
the diagram shown in Figure 6 depicts the 
clumping effect upon cells (donor) by the 
agglutinins of the various sera (recipient). 
From this chart it becomes apparent why 
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A B AB 
(A and B) 
as as as 
‘A Agglutinin B Agglutinin present together 
in serum in serum 
or or in either serum 
‘A’ Agglutinogen ‘B Agglutinogen 
in cells in cells or cells 
R.J.P.- 44 


Fig. 1. Authors’ concept of agglutinins and aggluti- 
nogens as homologues of each other. 


se 


group O is referred to as “universal donor”’ 
(cells without agglutinogen) and group AB as 
universal recipient (serum without agglu- 
tinin). 


OTHER BLOOD FACTORS, OR TYPES, AND THE 
Rh FACTOR 


There exist in the human red blood corpus- 
cles of all four blood groups certain other 
factors or agglutinogens (antigens) for which 
no corresponding isoagglutinins have been 
found in human sera. Such types may be 
diagrammatically represented (Fig. 7) as M, 
N, MN (M and N), and P. These antigens 
(without corresponding antibodies) do not 
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e Agglutinins or Antibodies 
R.J.P. 44 both present 


Fig. 2. Group O blood. Note that the cells contain no 
A or B agglutinogens (universal donor). 


492 SURGERY, GYNECOLOGY AND OBSTETRICS 


WHOLE 


CELLS 








Hl 


Agglutinogen or Antigen 








Agglutinin or Antibody 
R. J. P.-"44 


Fig. 3. Group A blood contains A agglutinogen in its 
cells and B agglutinin in its serum (the reverse of group B). 


produce human transfusion reactions. How- 
ever, it has been shown that they do produce 
corresponding agglutinins if the human red 
cells of that particular type are injected into 
animals, such as the rabbit (heteroimmuniza- 
tion). 

In 1940 Landsteiner and Wiener (8) in- 
jected blood from the Macacus rhesus mon- 
key into rabbits, thus developing agglutinins 
in the rabbits’ serum which clumped the red 
cells of the monkey. They also observed that 
this same rabbit serum (agglutinin) clumps 
not only the red cells of the monkey but also 
the red cells of 85 per cent of humans, regard- 
less of their blood group. The red cells of the 
remaining 15 per cent of humans are not 
affected (show no evidence of clumping) by 
the antimonkey agglutinins. Obviously this 
(15 per cent) group of humans have in their 
red cells none of the agglutinogen (antigen) 
which is present in the Macacus rhesus celis 
and in the cells of 85 per cent of humans. 
This particular agglutinogen (antigen—Fig. 7) 
is referred to as the Rh factor. Individuals 
whose cells contain this antigen (85 per cent of 
the random population) are termed Rh posi- 
tive (Rh+). The Rh factor is also trans- 
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Agglutinogen or Antigen  Agglutinin or Antibody 
R. J. P.- 44 
Fig. 4. Group B blood contains B agglutinogen in its 
cells and A agglutinin in its serum (the reverse of group A). 
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mitted to offspring as a Mendelian dominant 
character. Those individuals whose erythro- 
cytes do not contain the antigen (15 per cent 
of the random population) are termed Rh 
negative (Rh—). 


THE Rh FACTOR AND ISOIMMUNIZATION 


Experience in both military and civilian 
practice has shown that transfusion of Rh+ 
blood (agglutinogen) into Rh— individuals, 
even of the same blood group, causes anti-Rh 
antibodies (specific Rh+ agglutinins) to de- 
velop in the recipient’s serum (isoimmuniza- 
tion). In a subsequent transfusion of Rh+ 
blood into the same individual (recipient), 
these antibodies (agglutinins or anti-Rh sub- 
stance), produced in the serum of the recipi- 
ent by the Rh-+ cells of the earlier transfusion, 
cause agglutination and destruction of the 
Rh-+ cells of the donor. Such an intragroup 
transfusion reaction may be severe enough to 
cause death. 

It is now an established fact that Rh— per- 
sons develop specific anti-Rh immune bodies 
(agglutinins or antibodies) when transfused 
with Rh+ blood, even though both may be 
in the same blood group. In subsequent trans- 
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R. J. P.-'44 


Fig. 5. Group AB blood. Note that the serum contains 
no A or B agglutinins (universal recipient). 


fusions of Rh+ blood these agglutinins pro- 
duce the reaction. The prevention of this 
accident lies in the employment, in these cases, 
of blood from an Rh— donor of the proper 
blood group who has not previously been 
immunized. 


THE Rh FACTOR AND ERYTHROBLASTOSIS 
FETALIS 


Clinically most cases of erythroblastosis 
fetalis (acute hemolytic anemia) are recog- 
nized in the newborn as either universal edema 
of the fetus (hydrops), or as icterus gravis 
(jaundice), or as a marked anemia (congeni- 
tal). The condition is usually apparent at 
birth. Predominantly in nearly every instance 
there is clinical evidence of blood destruction 
and liver involvement, accompanied by micro- 
scopic evidence of blood regeneration. The 
mortality rate varies from 50 to 100 per cent. 

Recently Levine (12) and his associates 
have shown that about go per cent of these in- 
fants have in their blood cells the Rh factor, 
inherited from the Rh+ father. The mother 
lacks this factor in her blood cells (Rh—). 
The blood destruction observed in the new- 
born is held to be dependent upon the presence 


PIERI, SCHWARTZ: PHYSICIAN, BLOOD TRANSFUSION, Rh FACTOR 





493 





Shun 


CELLS SERUM 


OB : 


CELLS SERUM 


Y Y 


i= = 


CELLS SERUM CELLS 











Y 


AB 


C) 


SERUM 


AGGLUTINATION CHART 
Tie arrows indicate which cells are clumped 


by the various sera py p44 


Fig. 6. Note that O cells (universal donor) are not 
agglutinated by the other groups while AB serum (uni- 
versal recipient) does not agglutinate the cells of any other 


group. 


inthe baby’s serum of a specific Rh antibody 
(the anti-Rh agglutinin or antibody) which 
has been transferred from the mother to the 
baby im utero. Our findings in a series of 25 
cases tend to confirm this view, as do the 
observations (4, 5, 6, 10) of many others. 
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Fig. 7. Authors’ concept of other agglutinogens or fac- 
tors sometimes present in human red cells. Of these the 
Rh factor is of great significance. 
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Fig. 8. Diagrammatic section through a human pla- 
centa. M, uterine muscle; UV, branch of uterine vein; UA, 
branch’of uterine artery; D, decidua; PS, decidual septum; 
MBS, maternal blood sinus; V, villus; Ch, chorion frondo- 
sum; AM, amnion; CA, branch of umbilical artery; CV, 
branch of umbilical vein; FB, villus branch of umbilical 
artery; VV, vein withdrawing blood from villus. 


MECHANISM OF PRODUCTION OF ANTI-Rh 
AGGLUTININ 


It is our concept, and that of other observ- 
ers (14, 17), that the mechanism of production 
of the Rh+-, antibody-is based upon events 
which transpire within the placenta itself. 

The medium (Fig. 8) for the interchange of 
gases, water, and nourishment between mother 
and baby is the fragile wall of the placental 
villus, V, a trophoblastic projection of the 
chorion frondosum itself, Ch. Through an 
arteriole, FB, each villus is supplied with fetal 
blood by a branch from one of the umbilical 
arteries, CA, while a corresponding venule, 
VV, eventually returns the blood to the fetal 
circulation, CV. The delicate placental villi 
are bathed in pools of maternal blood, MBS, in 
the intervillus spaces. The maternal blood is 
carried to these spaces by minute branches of 
the uterine artery, UA, which are usually 
found in relation to the decidual septa PS, 
while corresponding veins return it eventually 
to branches, UV, of the uterine vein. Con- 
stant circulation is assisted by the uterine con- 
tractions which occur at intervals throughout 
every pregnancy. Normally the blood of the 
child circulates inside the villus, while the 
maternal blood circulates outside this delicate 
structure. The relationship is so close that 
osmosis readily takes place through the villus 
wall. It has been estimated that if all the villi 
of a placenta at full term were placed end-to- 
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end their combined length would exceed 11 
miles (11). 

That the placenta is extremely susceptible 
to the effects of tumors, trauma, and disease 
has long been known. This is not a surprising 
observation, in view of the complex structure 
and function of this organ, and of the fact that 
the more complex an organ the more delicate 
and vulnerable to injury it becomes (13). 
Careful scrutiny of the placenta (1) will re- 
veal in nearly every instance the unmistak- 
able evidences of one or many areas of old or 
recent pathologic alteration. Such scars, 
varying in size from pin-head to several centi- 
meters, have been designated by a confusion 
of terms, such as infarction, hepatization, 
placentitis, necroses, apoplexy, etc. Actually, 
each such scar represents merely the evidence 
of a previous placental injury. _ 

Since the most delicate portion of the pla- 
centa (chorion frondosum) is the villus itself, 
this structure is the most susceptible to injury 
(rupture), either as a result of apoplexy, or of 
hemorrhagic infarction, or of direct trauma. 
Whatever the etiologic factor, any violent 
break in the continuity of the vessels of one or 
more villi will result in hemorrhage of fetal 
blood cells (Fig. 9, NW) into the maternal cir- 
culation, MBS. From here the fetal blood 
elements, NUV, are carried into the uterine 
vein, UV, and thence into the general circula- 
tion of the mother. Such a hemorrhage may 
be minute and apparently insignificant, or of 
considerable size. Either may produce most 
serious sequelae. 

If the baby’s cells contain the Rh antigen 
(Rh+), while those of the mother are without 
the antigen (Rh—), a variable degree of iso- 
immunization is inevitable. The Rh+ cells 
of the baby stimulate the Rh— mother’s 
blood to produce the specific anti-Rh anti- 
body (anti-Rh+ agglutinin). This antibody 
not only becomes present in the blood serum 
of the mother but is readily transmissible, as 
are many toxins and antitoxins, through the 
placental filter (the walls of the villi) into the 
circulation of the infant im utero. It is the 
action of this antibody upon the Rh+ cells of 
the baby which produces the disease entity 
which in about 90 per cent of the cases we 
recognize as erythroblastosis fetalis. In most 
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of the remaining 10 per cent the disease ap- 
parently depends upon similar genetically re- 
lated antigens (such as those designated as 
HR or the A and B antigens), present in the 
baby’s cells but absent in those of the mother. 


DIAGNOSTIC FEATURES 


The earlier the diagnosis is made and ap- 
propriate treatment instituted the better be- 
comes the prognosis. If, in any expectant 
mother, the history reveals a reaction to any 
former blood transfusion, or an unexplained 
spontaneous abortion, miscarriage, or still- 
born infant (especially if her first baby was 
normal) one’s suspicion should be aroused as 
to the possibility of isoimmunization. The 
history of the birth of an anemic, jaundiced, 
or edematous infant, or a combination of any 
of these, is presumptive evidence of this con- 
dition. During labor a bile stained or amber 
colored amniotic fluid, with or without signs 
of fetal distress, should place the accoucheur 
on guard, and indicate to him the necessity 
for immediate Rh factor determinations upon 
the mother, and upon the baby (cord blood) 
as soon as delivery occurs. 

In any newborn baby exhibiting anemia, in- 
creasing jaundice, edema (hydrops), enlarged 
liver and spleen, with a blood smear showing 
evidence of erythroblastemia, not always 
manifest, one must rule out isoimmunization. 
Some additional features which we have noted 
in a number of our cases, usually within the 
first 24 to 48 hours, are lethargy, sometimes 
alternating with convulsions, dark amber 
urine, diffuse or localized petechiae, unex- 
plained fever, and an abnormally low plate- 
let count. 

MANAGEMENT 

Usually the first Rh+ child of an Rh— 
mother and an Rh-+ father will survive (in- 
sufficient or undeveloped antibody?). Subse- 
quent pregnancies may result in abortion or 
miscarriage, or the child near term may suc- 
cumb to the disease im utero and be stillborn, 
or survive the ordeal of labor only to expire 
within a few hours or days from the effects of 
the disease. An Rh— baby of course is unaf- 
fected. The oxygen tent and immediate trans- 
fusion of 60 cubic centimeters of whole blood 
from an Rh— donor, repeated at 48 hour in- 
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Fig. 9. Diagrammatic illustration of rupture of pla- 
cental villus. N, fetal blood from villus vessels pouring into 
maternal blood sinus, MBS. Fetal blood enters maternal 
uterine vein at NUV. (See text). 


tervals during the first 2 weeks of life, offer 
the best prognosis. The use of the mother’s 
blood is contraindicated (Rh antibodies), as is 
that of the father (Rh+ cells). Milk from the 
mother probably should not be given the 
baby—Rh antibodies—(18). Usually about 
2 weeks are required before the anti-Rh sub- 
stance becomes eliminated from the baby’s 
circulation. 

As in any other obstetrical case, an Rh— 
mother may herself require transfusion. In 
this event it must be emphasized that she 
requires Rh— blood. 


BLOOD GROUPING TESTS 


Blood grouping, or typing, is essential be- 
foreevery transfusion. A dropofknown group 
A serum is mixed on a glass slide (ordinary 
room temperature) with a drop of 1 to 2 per 
cent saline suspension of the cells to be tested. 
To another drop of such cells a similar amount 
of group B serum is added. Microscopic ex- 
amination is made 20 to 30 minutes later. If 
no agglutination occurs with either sera, the 
cells belong to group O. Agglutination by A 
serum signifies that the cells are those of 
group B. Agglutination by B serum means 
the individual belongs to group A. If both 
sera cause agglutination the cells are those of 
group AB (Fig. 6). 

Ideally, all prospective donors and recipi- 
ents should also be typed for Rh factor. This 
determination is especially important in pa- 
tients who have received one or more previous 
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transfusions, and in women who give a history 
of toxemia, miscarriage, stillborn, or erythro- 
blastotic children. All available relatives of 
known Rh— persons should be typed since it 
is known that in these individuals a greater 
percentage of Rh— persons will be found than 
among the relatives of those who are Rh+. 

By using known anti-Rh serum! the typing 
technique is simple. It is important here to 
bear in mind, however, that the anti-Rh anti- 
body is a “warm” agglutinin. That is, the 
agglutinin or antibody is most effective at 
body temperature—37 degrees C. Variations 
of this temperature definitely interfere with 
the test. In our laboratory (15) our directions 
follow a modification of that employed by The 
Certified Blood Donor Service, as follows: In 
a sterile 3 by 34 inch test tube place 4 cubic 
centimeters of saline to which is added one 
drop of blood. Centrifuge for 1 minute. De- 
cant the supernatant fluid to remove fibrin 
and then add 4 cubic centimeters of addi- 
tional fresh saline to suspend the washed cells. 
Place 2 drops of this suspension in another 3 
by 3 inch test tube, add 2 drops of known 
anti-Rh serum and shake lightly. Place this 
tube in a water bath at 37 degrees C. Shake 
gently every 15 minutes and after 1 hour re- 
move from water bath and centrifuge for 1 
minute at not over 500 revolutions per min- 
ute. Then agitate gently, observing the pre- 
cipitated cells. Examine for clumping both 
macroscopically and microscopically. If there 
is no clumping the cells are considered Rh 
negative. Rh-+ cells will be clumped. 

Rh testing sera should be of high anti-Rh 
titer. Blood from a recently delivered Rh— 
mother who has given birth to a baby with 
erythroblastosis usually possesses agglutinin 
of high titer. This titer, however, rapidly 
deteriorates and often, after a few months, 
may have entirely disappeared. 

The Blood Grouping Laboratory at Bos- 
ton, Massachusetts, under the direction of 
Dr. Louis K. Diamond (2), is engaged in the 
study and concentration of anti-Rh sera, and 
solicits specimens of blood for study. Speci- 
mens thus submitted to this laboratory will be 
concentrated without charge, and a portion 


1Reliable serum (anti-Rh serum) for testing for the Rh factor may be 
obtained from The Certified Blood Donor Service of Jamaica, New York. 
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returned to the sender. The remainder is used 
for Rh testing by our armed forces. 


SUMMARY 


1. Every physician who performs blood 
transfusions, or who has under his care ex- 
pectant mothers or newborn babies, should be 
thoroughly familiar with the fundamentals 
concerning the blood groups and isoimmun- 
ization. 

2. The blood groups are graphically illus- 
trated and explained. 

3. Other blood factors, especially the Rh 
factor, are graphically illustrated and the spe- 
cial importance of the latter in both civilian 
and military practice is emphasized. 

4. The relation between the Rh factor, 
transfusion reactions, maternal isoimmuniza- 
tion, and erythroblastosis fetalis is presented, 
with illustrations of the placental mechanism 
involved during certain pregnancies. 

5. The diagnosis and proper management 
of erythroblastosis and of the Rh+ isoimmun- 
ized patient are outlined. 

6. A simple technique for accurate Rh test- 
ing is included with that for the ordinary tests 
for blood grouping. 
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THE USE OF LYCOPODIUM AS AN 





AGENT TO CREATE A 


COLLATERAL CIRCULATION TO THE MYOCARDIUM 
FROM THE PERICARDIUM 


Preliminary Report 


JAMES V. SCOLA, M.D., and FREDERICK G. STOESSER, M.D., F.A.C.S., Buffalo, New York 


HE medical treatment of coronary 
artery disease has certain definite 
limitations. There is a discrepancy 
between the blood supply to the myo- 
cardium and the blood demand by the myo- 
cardium. The medical answer to this law of 
supply and demand is essentially to decrease 
the demand for more blood by limiting the 
activities of the whole body (thus decreasing 
the basal metabolic requirement), to increase 
the blood supply by certain vasodilating drugs, 
and to bring in the element of time to allow 
nature to develop a collateral circulation. 

Nature plus the element of time develops a 
collateral circulation in one or more of three 
ways. The first way is to elaborate inter- 
coronary anastomosis. Although the coro- 
nary vessels are essentially end arteries, there 
are minute intercoronary communications 
(1, 3). If coronary artery disease progresses 
slowly, these communications are gradually 
dilated (2). The second way that nature 
works is to create an adhesive pericarditis, 
thus bringing blood vessels in from the peri- 
cardium. This process is illustrated by find- 
ing at autopsy an old infarct with the peri- 
cardium adherent to the heart at this area in 
a patient who has succumbed to noncardiac 
causes. 

The third way that nature operates is via 
the thebesian system. The thebesian orifices 
are located in the walls of the auricles and 
ventricles. These communicate with the coro- 
nary vessels via capillaries. It has been shown 
experimentally (2) that the heart can be 
effectively nourished by blood passing from 
the chambers of the heart through the the- 
besian vessels, then back to the coronary 
veins. This mechanism can operate only in 
the presence of a gradual coronary occlusion. 
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An example of this triple action by nature fol- 
lowing a sublethal coronary occlusion is as 
follows: 

The infarction creates an inflammation of 
the heart. This inflammation can stimulate 
intercoronary communications, can create an 
adhesive pericarditis at that area, and can 
stimulate the thebesian system. In the case 
of slow narrowing of the coronary vessels, 
only mechanisms 1 and 3 are brought into 
play. 

The surgical attack on coronary artery dis- 
ease (exclusive of sympathectomy and thy- 
roidectomy) is essentially the stimulation of 
the aforementioned 3 mechanisms. In place 
of, or with, the adhesive pericarditis (which is 
pericardioepicardiopexy ), there have been add- 
ed at times cardiomyopexy, cardiopneumo- 
pexy, cardio-omentopexy, and similar pro- 
cedures. 

About 2 years ago we became interested in 
the possibilities of surgical attack on this 
disease. We repeated some of the experiment- 
al work and tried some new agents. One of 
these, lycopodium powder, instilled within the 
pericardial sac, impressed us so much with its 
ability to create a very vascular adhesive peri- 
carditis, that we concentrated on this powder. 
Because of limited housing facilities, the pre- 
liminary work was done on rabbits. Then 
dogs were used. Since the results were the 
same on rabbits as on dogs, we went back to 
rabbits as they were easier to handle and take 
care of. A total of 4 dogs and 9 rabbits’is 
concerned in this report. 

The operation consisted of opening the peri- 
cardial sac, placing the lycopodium powder on 
the anterior, lateral, and inferior surfaces of 
the heart, and then closing the pericardium 
with a pursestring suture. The amount of 
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> Fig. 1. Photomicrograph of a section from a rabbit’s 
heart.. The lycopodium particles (oval-shaped, often con- 
taining granules) are seen ingested by multinuclear giant 
cells. Some giant cells contain more than one lycopodium 
particle. The cellular infiltration about the giant cells 
is chiefly mononuclear. Eosinophils are present. On the 
very bottom is a small piece of heart muscle. Between this 
heart muscle and the lycopodium layer is the remains of 
the epicardium. Very little fibrous tissue is present. 


lycopodium powder used was that amount 
held in 4 to 5 medium-sized bone curettes. 
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Silk technique was used throughout. Positive 
lung pressure was maintained in the dogs by 
an intratracheal catheter. On the dogs, the 
heart was reached through a rib resection. On 
the rabbits the approach was by splitting the 
sternum and then gently retracting the un- 
opened pleurae to expose the pericardium. 
Positive lung pressure was used, however, by 
means of a rubber glove slipped over the ani- 
mals head with one finger connected to a tank 
of oxygen. All animals were anesthetized 
with nembutal given either intravenously or 
intraperitoneally. At the end of 6 to 8 weeks, 
the animals were killed and sections were 
taken from the heart for examination and 
study. 

In all cases in which lycopodium was used, 
the pericardium promptly became adherent to 
the epicardium. One rabbit that died 72 
hours after operation of acute dilatation of the 
stomach showed the pericardium already ad- 
herent to the left ventricle. Microscopic re- 
port on this heart showed “an amorphous 
exudate over the epicardium, fixing and sur- 
rounding the lycopodium particles. Several 
enlarged epicardial capillaries are seen, one of 
them forming a loop reaching close to the site 
of the exudate.” 





Fig. 2. 


the top of the section. 


Photomicrograph of a section of rabbit’s} heart. 
newly formed blood-filled vessel surrounded by lycopodium{,granules. 
epicardium (below the fat) is not shown. 


It shows a long curved 
The adherent 


The thickened pericardium is seen across 
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The normal unoperated upon pericardium 
has a thin glistening appearance. It is trans- 
parent. After lycopodium has been deposited 
within the pericardial sac the pericardium be- 
comes thickened, loses much of its glistening 
surface, and the underlying heart is seen only 
with difficulty. The thickening of the peri- 
cardium, however, is not due primarily to 
fibrosis as very little fibrous tissue can be seen 
in the microscopic sections. Grossly there is 
no fibrosis seen. The adhesions created by 
this powder are limited chiefly to the areas 
where the powder was placed. At the periph- 
ery of the adherent areas the pericardium 
merges gradually again to become thin, glis- 
tening, and translucent. The adhesions cre- 
ated between pericardium and epicardium are 
of the soft variety. There is very slight mo- 
tion of the pericardium when the finger is 
gently passed over it. 

Microscopically the type of reaction caused 
by lycopodium is similar to that seen in the 
body when a foreign substance is present. 
Large multinuclear giant cells ingest one or 
more lycopodium particles (Figs. 1, 2, 3). 
Surrounding the giant cells there is a cellular 
infiltration that is predominantly mononu- 
clear but often shows a moderate number of 
eosinophils. The mononuclear cells are the 
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Fig. 3. Photomicrograph of a section of rabbit’s heart. 
it shows a large curved blood filled vessel. On the left are 
een lycopodium granules. 
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Photomicrograph of a section of rabbit’s heart. 
On the left is seen the lycopodium layer; on the right is the 


Fig. 4. 


heart muscle. The arrows point to the ends of a blood- 
filled vessel, one end of which is in the heart muscle, and 
the other end is straddled by two particles of lycopodium. 
The arrow on the upper left is just above one of the strad- 
dling particles of lycopodium. The opposite lycopodium 
particle is seen only with difficulty. The lower arrow shows 
the end of the vessel within the heart muscle proper. The 
lycopodium particles (ingested) are well visualized here. 
Again fibrosis is scant in the lycopodium layer. 


same size as the eosinophils (Fig. 1). Close 
examination of this photograph will show the 
paucity of fibrosis reaction. 

Lycopodium powder can create a rather 
marked vascular reaction. Lycopodium is a 
very fine powder, so fine that it seems to pour 
more like water than like a solid. It appears 
to be irritating enough to the tissues to cause 
adhesion formation with a rather marked vas- 
cular response, and yet bland enough so that 
very little scar tissue is formed. Apparently 
the body does not attempt to encapsulate the 
lycopodium by laying down a fibrous tissue 
capsule about it. This is so not only when the 
lycopodium is packed closely together as in 
Figures 1, 4, but also when it is very thin as in 
Figure 2. Grossly the vascularity created by 
lycopodium is easily seen with the naked eye. 
The normal rabbit pericardium is very thin, 
and very few blood vessels can be seen in it. 
After lycopodium powder has been placed 
within the pericardial sac and adhesions are 
formed, the vascularity is vastly increased. 
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Fig. 5. 


Photomicrograph of rabbit’s heart. This heart was prepared by injection 


with India ink and bacteria as described in the article. It shows blood vessels in the 


pericardium filled with ink and bacteria. 


Blood vessels now become easily visible over 
the areas of adhesion. The fine vessels pres- 
ent in the normal pericardium become greatly 
dilated and the branching is greatly increased. 
This vascularity is easily demonstrated by 





Fig. 6. Photomicrograph of rabbit’s heart. This heart 
was prepared by injection with India ink and bacteria as 
described. It is a section deep in the heart muscle. It 
shows a large vessel containing two black masses of India 
ink and bacteria. The endothelial lining of the vessel is 
clearly seen. 


sections (Figs. 2, 3, 4). Newly formed blood 
vessels as evidenced by being surrounded by 
lycopodium granules, or by going from the 
lycopodium layer into the myocardium, are 
seen in many sections. In many cases the 
blood vessels are not just minute capillaries. 
Figures 2 and 3 show good sized vessels. Their 
diameter may be roughly estimated by count- 
ing the number of blood cells across any given 
plane. Figure 4 shows one vessel going into 
the myocardium from the lycopodium layer. 
In the lower half of the vessel, its left wall was 
unfortunately narrowed during the sectioning 
process. The relative absence of fibrosis also 
is a favorable factor in the vascularity. This 
lack makes it highly improbable that subse- 
quent scar contraction will constrict these 
newly formed blood vessels. 

In order to demonstrate further the estab- 
lishment of a collateral circulation to the myo- 
cardium from the pericardium, a special tech- 
nique was developed. About 6 to 8 weeks 
after the lycopodium had been placed within 
the pericardial cavity, the rabbits were anes- 
thetized and then given large doses of heparin 
intravenously to prevent clotting. Then with 
the animals still alive the abdominal aorta 
was cannulized (tip pointing toward the heart) 
and the cannula was connected to a faucet of 
tap water running in a steady stream. Simul- 
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Fig. 7. Photomicrograph of rabbit’s heart. This heart 
was prepared by injection with India ink and bacteria as 
described in the article. It is a section deep in the heart 
muscle. The large black mass in the lower left corner is a 
vessel filled with dye and bacteria and also has some red 
blood cells. Just to the right of this vessel is a small 
Y-shaped vessel containing one glob of dye and bacteria. 
Above this vessel is a large vessel containing a small mass 
of dye and bacteria in its lowest portion. 


Fig. 8. Photograph of rabbit’s heart. This heart 
was prepared by injection with India ink and bacteria as 
described. It is a section deep in the heart muscle. It 
shows a large somewhat triangular, vessel completely 
filled with ink and bacteria. Under the microscope red 
blood cells can be seen in this vessel. However, because 
the dye which is used is so intense, the outlines of these 
cells can be made out only with difficulty in this photo- 
graph. 





This heart 


Photomicrograph of rabbit’s heart. 
was prepared by injection with India ink and bacteria as 


Vig. 9. 


described in the article. It is a section deep in the myo- 
cardium and shows a blood vessel containing ink and 
bacteria surrounded completely by heart muscle. 


Fig. 10. Photomicrograph of rabbit’s heart. This heart 
was prepared by injection with India ink and bacteria as 
described. It is a section deep in the heart muscle. In the 
center of the field is a thin vessel containing dye and 
bacteria. 
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Fig. 11. Photograph (enlarged) of opened heart of dog. 
The arrow on the far left points to the opened coronary 
orifice. The opened coronary artery continues in the 
direction of this arrow. On the right, the upper and lower 
arrows point to the cut ends of the silk tie that was around 
the common left coronary artery. The narrowing of the 
coronary artery can be seen just to the left of the point 
of ligation. The apparent branches coming from the 
coronary artery were created by dissection. 


taneously a large opening was made in the 
inferior vena cava. By this method, prac- 
tically all the blood was washed out of the 
animal and the animal died within 15 minutes. 
Within a relatively short time almost pure 
water was coming out of the rent in the infe- 
rior vena cava. This washing out process was 
continued for 6 to 1o hours. Then the animal 
was placed in the icebox over night. In the 
morning the ascending aorta was clamped 
with three clamps and then cut between 
clamps just distal to the origin of the coronary 
arteries, but proximal to the origin of the 
carotids. The aorta was approached by re- 
secting a rib or going through the neck. The 
abdominal aorta was injected with a heavy 
suspension of killed staphylococcus to which 
some filtered India ink had been added. Then 
the heart was removed, and sections were 
taken. It is obvious that with this technique 
of injection no ink or bacteria could reach the 
heart muscle through normal channels. There- 
fore, no ink or bacteria could get into the 
coronary vessels. If any ink or bacteria ap- 
peared within the heart muscle, it must, 
therefore, have reached there through the col- 
lateral circulation established with the peri- 
cardium. It could go from the intercostals, 


internal mammary, phrenic, bronchial medi- 


astinal, to the pericardium. From here only 
newly formed blood vessels could carry it to 
the heart muscle proper. When pieces of heart 
muscle were cut out for sectioning, small. 
black specks were seen in the myocardium as 
well as in the pericardium. These gross ob- 
servations were confirmed by microscopic sec- 
tions (Figs. 5, 6, 7,8, 9, 10). Many sections of 
heart muscle seen under oil immersion showed 
minute capillaries containing 1, 2, 3, or more 
minute, round, black specks. We decided that 
it was not necessary to take photographs un- 
der oil immersion. However, several good 
photographs were obtained showing India ink 
and bacteria within the myocardial vessels. 
The individual black specks cannot be seen 
in the accompanying illustrations with this 
magnification, but they are nevertheless 
present. 

Encouraged by the promising evidences of 
the experiments described, we took one dog 
into whose pericardial sac lycopodium had 
been placed. About 8 weeks later this dog 
was reoperated upon, and 2 silk sutures were 
passed around the common left coronary ar- 
tery and this artery was tied off. Then the 
main branches of this artery were also doubly 
tied. After operation, this animal ran about, 
ate, and behaved normally in all respects. The 
day after operation when the dog was brought 
to the x-ray department for an x-ray of the 
chest to see if any pneumothorax was present 
(x-ray film showed no pneumothorax), the dog 
jumped out of his box. 

In a recent publication by Beck he stated 
that the common left coronary artery could 
not be ligated and have the dog live regardless 
of the method of preparation of the heart prior 
to ligation. However, this can be done as 
proved by this instance, if lycopodium powder 
is used to prepare the heart. Ten weeks later 
this dog was killed, the aorta was opened, and 
the common left coronary artery was traced 
down to its point of ligation. Proximal to the 
ligation, the vessel appeared dilated. Be- 
tween the two closely placed ligatures was a 
minute, brown clot which was trapped be- 
tween the sutures. Distal to the ligature the 
vessel was found to be collapsed and con- 
tained a very thin, threadlike, white piece of 
tissue (Fig. 11). 
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SUMMARY AND CONCLUSIONS 

The use of lycopodium powder placed with- 
in the pericardial sac of 13 animals has con- 
sistently produced a very vascular adhesive 
pericarditis. Evidence demonstrating the vas- 
cularity, lack of fibrosis, and type of cellu- 
lar reaction, elicited by lycopodium, is pre- 
sented. A technique of injection with India 
ink and bacteria to show that collateral circu- 
lation to the myocardium has been estab- 
lished, is described. Ligation of the common 
left coronary artery was not fatal to a dog 


whose heart had been prepared with lycopo- 
dium powder. 

From these results we believe that lycopo- 
dium powder is an effective agent to produce 
a collateral circulation to the myocardium 
from the pericardium and warrants additional 
study. 
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ALLAN STRANAHAN, M.D., Seattle, Washington 


ETWEEN the years 1931 and 1943, 27 
patients in whom a diagnosis of acute 
pancreatitis was established were ad- 
mitted to the King County Hospital, 

Seattle. The diagnoses were proved either at 
operation or autopsy. There were 10 patients 
with acute pancreatic edema, 9 of whom were 
operated upon and survived. The other pa- 
tient was treated for bronchopneumonia and 
died. The postmortem examination revealed 
acute pancreatic edema. There were 17 pa- 
tients with acute pancreatic necrosis, 9 of 
whom came to postmortem examination with- 
out benefit of surgery; 5 had previous surgery; 
and 3 were operated upon and survived. We 
are also including 5 other cases in which we 
consider the diagnosis to be proved by the 
blood amylase and other typical findings and 
by the x-ray films. 

The roentgen findings suggestive of acute 
pancreatitis have already been given in the 
literature. They are essentially only three: 
(1) tender tumefaction of the pancreas, found 
during fluoroscopy and the most valuable 
finding, as it is pathognomonic; (2) changes in 
the stomach and duodenum; (3) evidence of 
localized or generalized ileus. 

The changes in the stomach and evidences 
of localized ileus can easily be seen not only 
by a radiologist but by any surgeon who 
knows what to look for. The changes are pred- 
icated upon the fact that the pancreas in 
acute disease is swollen to two or three times 
its normal size. It presses against the greater 
curvature of the stomach as can be seen in 
Figures 1 and 2. The duodenum shows ileus, 
it has lost its tone, and the fluoroscopist will 
be able to push barium into it where it seems 
to hang and fails to be moved forward by per- 
istalsis. The duodenal loop is also enlarged 
(Figs. 1 and 2). 

- These changes can often be suspected in a 
plain scout film with the patient supine. Oc- 


casionally there will be enough gas in the 
stomach to give the characteristic outline 
(Figs. 3, 4, and 5), of the greater curvature 
near the pylorus. More frequently there will 
show a fair sized blob of gas in the cardia and 
another smaller one in the duodenal bulb 
(Fig. 6). This is a very characteristic finding. 
Increased density of the pancreatic area may 
be observed (Figs. 3, 4, and 5). Also localized 
ileus, especially of the transverse colon or up- 
per loops of jejunum is observed (Figs. 3, 4, 
and 5). This is undoubtedly because the early 
pancreatic enzymes are starting to escape 
along the transverse mesocolon and root of 
the mesentery. Later, generalized peritonitis 
sets in and the picture of generalized ileus 
complicates the scout film. 

These x-ray findings were present when the 
patients were first seen and persisted as long 
as the disease lasted—in 1 case, 21 days 
after onset—and long after the blood amylase 
had returned to normal. 

However, not all impingements upon the 
greater curvature of the stomach are due to 
the pancreas. In 1 case (Fig. 7) the pre- 
operative diagnosis was cyst of the pancreas 
and the postoperative diagnosis was carcinoma 
of the gall bladder. The x-ray findings must 
be correlated with the clinical picture. Figure 
8 shows the typical deformity of a pancreatic 
cyst. 

Every one of our 32 cases had a sudden 
acute onset with nausea and vomiting. They 
had epigastric pain, and when seen early had 
no fever, a normal blood pressure, and slow 
pulse. Tenderness was often so slight as not 
to be noticed by the examining interne. 

Curiously, every patient had albuminuria, 
from a trace to 3 per cent. Fatty degenera- 
tion of the kidney was found on 1 post- 
mortem examination. We wonder if the blood 
and urine amylase could be related to these 
phenomena. While albuminuria is so common 
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lig. 1. E. D., No. 121,621, male, aged 61 years. Ad- 
mitted with acute upper abdomen of 24 hours’ duration. 
Blood amylase was 256 and 2 days later was 16. Examina- 
tion of stomach 5 days later shows elevation of stomach at 
duodenojejunal junction, flattening of greater curvature of 
stomach, and increased size of duodenal loop. 





Fig. 3. L. D., No. 170,750, female, aged 65 years. Film 
made 24 hours after acute onset. Note elevation and flat- 
tening of greater curvature of stomach, increased space be- 
tween greater curvature and transverse colon and increased 
lensity in pancreatic area, Localized ileus in stomach, duo- 
lenal bulb, transverse colon, and a few loops of small bowel. 
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Fig. 2. E.S., No. 45,240, male, aged 66 years. Roentgen- 
ogram which was made 3 weeks after onset. Note narrow- 
ing of the pylorus, flattening of the greater curvature of the 
stomach, elevation of the stomach with reference to the 
duodenojejunal junction and some increase in size of the 
duodenal loop. 





Fig. 4. H. Z., No. 168,590, female, aged 28 years. Film 
made 20 hours after acute onset. Note elevation and flat- 
tening of greater curvature of stomach, increased density 
and increased space between greater curvature of stomach 
and transverse colon. There are areas of localized ileus of 
stomach duodenal bulb, and transverse colon. 








Fig. 5. F. M., No. 142,727, female, aged 57 years. Film 
made 3 days after onset. Note flattening of greater curva- 
ture of stomach, elevation of stomach, increased density 
in the pancreatic area, increased space between greater 
curvature of stomach and transverse colon; areas of local- 
ized ileus of stomach, duodenal bulb, transverse colon, and 


as to be of no diagnostic significance, the ab- 
sence of albuminuria would apparently throw 
doubt on the diagnosis of pancreatitis. 

In general, these patients might suggest a 
ruptured peptic ulcer but they lacked the 
board-like rigidity. They might suggest an 
acute gall bladder, except for the fact that 
they were too ill, or an acute coronary throm- 
bosis but for the slow or normal pulse rate and 
blood pressure. Certain types of strangulated 
obstruction might make differential diagnosis 
difficult as acute pancreatitis must also be 
accompanied by a silent abdomen. Unfortu- 
nately, in the 32 histories a note on abdom- 
inal auscultation was made only once. 

The patients with pancreatic necrosis were 
sicker than those with pancreatic edema. Their 
white blood count averaged 16,000 against 
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loops of small bowel. This patient also developed fluid in 
the left chest. (Pancreatic necrosis.) 

Fig. 6, above. F. P., No. 35,074, male, aged 66 years. Acute 
pancreatitis showing collection of air in cardia of stomach, 
duodenal bulb, and scattered areas in small and large bowel 
especially in upper half of abdomen. 


12,000 and the polymorphonuclear count aver- 
aged 85 to go per cent against 75 to 80 per 
cent. However, 1 patient with necrosis who 
survived for 21 days developed leucopenia. In 
our 17 cases of necrosis cyanosis was noted 10 
times, distention 9, rigidity and tenderness 4 
times. Glycosuria was present 4 times and 
postmortem examination showed marked de- 
struction of the pancreas in 4 cases. Jaundice 
was present only twice and in those instances 
it was associated with stone in the common 
duct. 

In the edema cases, the blood amylase re- 
mained high as long as the disease lasted, 18 
days in 1 case. In the necrosis cases the blood 
amylase returned to normal in about 2 days, 
although in 1 case x-ray findings persisted for 
21 days. 
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Fig. 7. 


Fig. 9. 


Fig. 7, M. M., No. 174,299, female, aged 66 years. En- 
largement of the duodenal loop by a carcinoma of the gall 
bladder, the pressure on the duodenum being from anterior. 

Fig. 8. A. D. P., No. 126,430, male, aged 48 years. Typ- 
ical deformity of pancreatic cyst showing upward concav- 
ity of pylorus and enlarged duodenal loop. 

Fig. 9. C. L., No. 168,631, female, aged 18 years. Film 
made 28 hours after acute onset showing collection of air in 
cardiac portion of stomach, and a few areas of localized ileus. 


Nine patients with pancreatic edema were 
operated upon and g survived. The opera- 
tions were as follows: 1 cholecystectomy, 1 
cholecystostomy, 1 choledochostomy, 2 chole- 
cystectomies and choledochostomies, 3 explo- 
rations and closures, and 1 gastroenterostomy. 


Fig. 10. 





Fig. 11. 

Fig. 10. Same case as Fig. 9. Examination of stomach 
made 42 hours after onset showing flattening of the greater 
curvature and elevation of stomach as compared with Fig- 
ure 11. Fluoroscopically a marked tenderness and resist- 
ance was present in pancreatic area and also a marked sta- 
sis in the passage of the barium through the duodenum was 
noted. 

Fig. 11. Re-examination of the stomach 13 days after 
onset at which time no abnormal findings were present. 


Eight patients with pancreatic necrosis were 
operated upon. Five died and 3 survived. The 
operations on the 5 who died were: 1 cholecys- 
tectomy, 2 cholecystostomies, 1 gastroenteros- 
tomy, and 1 exploration and closure. Of the 
3 who survived 1 had a cholecystectomy, 
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1 an exploration and closure, and 1 had a 
cholecystostomy and drainage of the lesser 
peritoneal cavity. 

If an unbiased observer were to forget that 
most of these operations turned out to be diag- 
nostic surprises to the operator, he might reas- 
onably conclude that the surgical attack 
lacked unity to say the least. Survival seems 
to depend on the benignity of the disease 
more than upon the surgical procedures em- 
ployed. We believe that the acute phase of 
this disease is best treated by nonoperative 
means. We have thought x-ray therapy in 
small doses may be indicated. 

While studying these cases a 20 year old girl 
was brought to the accident ward at night, 
26 hours after a catastrophic onset of epigas- 
tric pain. Her pulse was 140, blood pressure 
112/70. She had nausea and vomiting. There 
was no rigidity, slight tenderness, and a silent 
abdomen. The leucocyte count was 29,000 
with 93 per cent polymorphonuclear leuco- 
cytes. She looked almost moribund, and the 
resident suspected acute pancreatic necrosis. 
He took blood for a blood amylase test and 
the result was 121 units against a normal of 8. 
The flat plate of the abdomen (Fig. 9) taken 
that night showed no other cause for her trou- 
ble. In addition it shows the blob of air under 
the left diaphragm, a slight amount in the 


duodenal bulb and a few areas of localized 
ileus. 

She was treated with continuous gastric 
suction, sedation and intravenous fluids. She 
did not seem much better when taken to the 
x-ray department the next morning. The film 
shows the flat bottom stomach (Fig. 10). Con- 
siderable time was spent in fluoroscopy at 
which time a tender tumefaction with upward 
displacement of the stomach was found. A 
small therapeutic roentgen dose was received 
by the patient during this time. She made 
very rapid improvement and was almost well 
the next day. Eleven days after the onset the 
roentgen examination showed the loss of the 
flat bottom of the stomach (Fig. 11) and 3 
days later a gall bladder filled with stones, 3 
stones from the common duct, and 7 from the 
hepatic duct were removed. The pancreas 
at the time of operation was found to be 
slightly indurated on palpation, but no en- 
largement was noted. 
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TRANSMESENTERIC HERNIA 


GEORGE 1D. CUTLER, M.D., F.A.C.S., and H. WILLIAM SCOTT, Jr., M.D., Boston, Massachusetts 


N 1925 one of us (G.D.C., 9) published a 
paper on mesenteric defects as a cause of 
intestinal obstruction, reporting 2 cases 
from the Surgical Service of The Chil- 

dren’s Hospital and tabulating data on 26 
additional cases of this condition collected 
from the literature. Recently, 2 more pa- 
tients with transmesenteric hernia have been 
successfully treated in this clinic and our in- 
terest in the subject has been renewed. We 
have assembled 46 well documented cases 
from the literature, permitting a survey of 50 
cases of hernia into apertures in the mesen- 
tery. 
CASE REPORTS 

Case 1. R. B.,C. H. No. 223661, a 64/12 year old 
white boy was admitted to the hospital on August 
19, 1939, with a complaint of abdominal pain and 
vomiting of 15 hours’ duration. Family history and 
past history were irrelevant, excepting one admission 
to the hospital 8 months previously because of ab- 
dominal pain without vomiting of 1 day’s duration. 
At that time symptoms rapidly disappeared and 
physical examination was negative. Consequently, 
he had been discharged home the following day 
without operation. 

The present episode began with the child awaken- 
ing on the morning of admission with severe ab- 
dominal pain centered about the umbilicus. He 
vomited shortly thereafter and during the course of 
the day had persistent vomiting every 20 to 30 
minutes, totalling about twenty times. The pain 
was described as diffusely periumbilical and con- 
stant with crampy exacerbations which caused him 
to double up and scream. A normal bowel move- 
ment without blood occurred shortly after the onset 
of symptoms, but after this there was passage of 
neither feces nor flatus by rectum. 

Physical examination on admission showed an 
acutely ill, dehydrated child, with temperature 98.6 
degrees, pulse 120, respirations 24, and blood pres- 
sure 100/65. The heart and lungs were normal. The 
abdomen was diffusely tender over both lower quad- 
rants without spasm. There was a questionable 
mass in the right lower quadrant. Peristalsis was 
diminished. Genitalia, rectal examination, reflexes 
and extremities were negative. 

Laboratory findings on admission: white blood 
count was 32,500 with 90 per cent polymorphonu- 
clear cells. Urine was negative except for ++++ 


From the Surgical Service, The Children’s Hospital and De 
partment of Surgery, Harvard Medical School. 


acetone. 
ood. 

After admission the child was given an intra- 
venous infusion of 5 per cent glucose in saline follow- 
ing which laparotomy was carried out, under nitrous 
oxide and oxygen and ether anesthesia, by Dr. 
T. W. Botsford. Coils of gangrenous bowel presented 
when the peritoneum was opened and a large quan- 
tity of foul smelling sero sanguineous fluid escaped. 
There was a 1 by 2 centimeter defect in the ileocecal 
mesentery through which a loop of about 6 inches of 
terminal ileum was strangulated with a 360 degree 
volvulus of the afferent and efferent limbs. Approxi- 
mately 18 inches of terminal ileum with its adjacent 
mesentery was black in color, dull and friable, but 
not perforated. Resection of the 18 inches of gan- 
grenous ileum and attached mesentery together with 
the appendix and cecum was carried out and a pri- 
mary lateral anastomosis between the ileum and 
ascending colon was constructed. The abdomen was 
then rapidly closed in layers without drainage. 

After operation the child was maintained on 
Wangensteen siphonage and parenteral fluids for 48 
hours following which he took fluids well by mouth 
and had a spontaneous bowel movement on the 
fourth postoperative day. Postoperative course was 
complicated by the development of a pelvic abscess 
which resorbed spontaneously with hot rectal 
irrigations. The child was discharged home on un- 
restricted diet on the 28th postoperative day. He 
has been followed in the outpatient department for 
4 years and has had no further difficulties whatso- 
ever. 

The specimen consisted of 40 centimeters of gan- 
grenous terminal ileum with the cecum and appen- 
dix. There was a 1 by 1.75 centimeter defect in the 
mesentery close to the attachment of the bowel and 
8 centimeters from the ileocecal junction. The 
defect was oval in shape with a smooth, thickened 
margin. 

CasE 2. J. S., C. H. No. 275668, a 21 month old 
white girl was admitted to the hospital on August 27, 
1943 with a 16 hour story of crampy abdominal pain 
and vomiting. Family history and past history were 
noncontributory. 

The child had been entirely well until about 24 
hours prior to admission when she was thought to 
have swallowed a plum pit. This apparently occa- 
sioned no difficulty until 16 hours before entrance, 
when she developed sudden, severe abdominal pain 
which caused her to double up and scream. Shortly 
thereafter she vomited. The pain persisted, occur- 
ring in waves every 15 to 20 minutes. During the 
course of the day the child vomited eight or nine 
times and remained extremely fretful and irritable. 
Normal bowel movement occurred the day before 


Stool (finger specimen) showed no occult 
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Fig. 1. a, Appearance of strangulated transmesenteric hernia with volvulus and gangrene at operation. b, 
Volvulus reduced followed by reduction of hernia with splitting of margin of hernial ring. c and d, Steps 


in Mikulicz resection of gangrenous bowel. 


and two enemas were given after the onset of pain, 
with scanty fecal and no flatal returns. The vomitus 
became progressively more fecal in character, and 
after arrival at the hospital it consisted of coffee- 
ground material streaked with dark blood, which 
showed a ++-+- guaiac test. The child had grown 
increasingly fatigued and drowsy during the course 
of the day between the waves of pain. 

Physical examination on admission showed an 
almost moribund child with marked pallor and 
lassitude. Temperature was 99 degrees; pulse, 140; 
blood pressure, 60/30. Heart and lungs were nor- 
mal. The abdomen was diffusely tender. There was 
slight epigastric distention without patterning. No 
palpable mass could be made out and there was no 
true muscle spasm. Peristalsis was absent. Geni- 
talia, reflexes, and extremities were negative. On 
rectal examination there was slight tenderness high 
in the pelvis. No feces or blood were present in the 
rectum. 

Laboratory findings on admission: White blood 
count was 10,000 with 80 per cent polymorphonu- 
clears. Red cell count was 4,500,000. Urine was 
negative except for ++ acetone. Vomitus was 
coffee-ground in appearance and gave a ++++ 
guaiac reaction. Stool specimen was not obtained. 

Roentgen survey films of the abdomen were taken 
immediately after admission. With the patient in 
the upright position these showed a few dilated loops 
of small bowel with fluid levels. The child was given 


an intravenous infusion of 5 per cent glucose in 
saline and a laparotomy was performed within 2 
hours after admission. Preoperative diagnoses were 
acute intestinal obstruction, question of small bowel 
intussusception, and question of volvulus. 
Operation was performed by Dr. G. D. Cutler. 
Under ether anesthesia, a long right rectus muscle 
splitting incision was made and when the perito- 
neum was opened there was a gush of dark colored, 
foul smelling and sero sanguineous fluid. Coils of jet 
black gangrenous bowel presented, and exploration 
revealed these to consist of about 3 feet of distal 
ileum. There was a transmesenteric herniation of a 
loop of about 12.5 centimeters of ileum through a 
1.5 centimeter defect in the mesentery situated about 
8 to 10 centimeters from the ileocecal junction. The 
proximal and distal limbs of the strangulated bowel 
had undergone a 720 degree volvulus, so that a total 
of about 3 feet of bowel was gangrenous. There was 
no free perforation. The margin of the mesenteric 
hiatus was first incised and the herniated loop ex- 
tracted following which the volvulus was reduced. 
Mikulicz resection of the gangrenous ileum was then 
carried out. After closure of the abdomen in layers 
to the doublebarreled ileostomy, the exteriorized 
gangrenous bowel was excised with the cautery. A 
catheter was inserted into the proximal limb for 
drainage, and a clamp was left on the distal limb for 
support. During the course of the procedure, the 
child’s pulse rate rose to 200, and blood pressure fell 
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Fig. 2. J. S. Flat‘and upright roentgenograms of abdomen in patient with trans- 


mesenteric hernia. 


to zero. Two hundred and fifty cubic centimeters 
of plasma was given intravenously with rapid im- 
provement and at the close of the operation the 
pulse was 170 and the blood pressure 100/55. 

After operation the child was maintained in high 
concentration oxygen, on Wangensteen suction and 
parenteral fluids with blood and plasma for 24 hours. 
The ileostomy functioned well and there was no dis- 
tention. After the second postoperative day she 
took fluids well by mouth and was started on a low 
residue diet on the 4th postoperative day. Her 
chart remained flat and her general condition good. 
Fourteen days after operation the spur was crushed 
and operative closure of the ileostomy was at- 
tempted a week later. A fecal fistula persisted, how- 
ever, but closed gradually of its own accord and the 
child was discharged home after 44 days in the hos- 
pital. She has been followed for 5 months in the 





Fig. 3. J. S. View of the mesenteric defect enlarged by 
incision for reduction of hernia. 


outpatient department and has had no difficulties. 
Bowels move twice daily. The wound is solidly 
healed, and the child has gained 5 to 6 pounds in 
weight. 

The pathological specimen consisted of 105 centi- 
meters of gangrenous small intestine. In the mes- 
entery there was defect, circular in shape, with 
thickened, smooth edges. This defect measures 1.5 
centimeters. ) 


Textbooks of surgery give but cursory men- 
tion of transmesenteric hernia, and the litera- 
ture on the subject is largely in the form of 





Fig. 4. J. S. Pathologic specimen of gangrenous bowel 


resected. 





512 SURGERY, GYNECOLOGY AND OBSTETRICS 


isolated case reports. The entire subject of 
intra-abdominal hernia was reviewed by 
Hansmann and Morton in 1939. These au- 
thors classified 467 reported cases of internal 
hernia according to the site of the hernial 
orifice and found 52 cases of transmesenteric 
hernia, 14 of which had openings in the ileo- 
cecal mesentery and 38 were found to have 
apertures located at higher levels in the small 
bowel mesentery. According to their statis- 
tics, transmesenteric hernia apparently con- 
stitutes about 11 per cent of all intra-ab- 
dominal hernias. 

In general, intra-abdominal hernias are 
relatively uncommon causes of acute intestinal 
obstruction. McIver found in 335 cases of 
acute intestinal obstruction only 3 cases of in- 
ternal hernia (0.9 per cent). Hence, trans- 
mesenteric hernias are among the least com- 
mon causes of acute intestinal obstruction. 

In this series of 50 cases, there were 29 
males and 21 females. The youngest patient 
was 4 days and the oldest 73 years. The con- 
dition is fairly evenly distributed throughout 
early, middle, and late life. 

Transmesenteric hernias are intraperitoneal 
hernias which have no sac but consist in the 
protrusion of a knuckle or loop of bowel 
through an aperture in the mesentery which 
may lead to intestinal obstruction and stran- 
gulation and subsequently to gangrene of 
varying lengths of intestine. This type of 
hernia is analogous to herniation through de- 
fects in the omentum and the broad ligament 
and differs from the other forms of intra- 
abdominal hernia in which the loops of bowel 
are incarcerated in an enveloping sac of peri- 
toneum or peritoneal reflexion. 

Holes in the mesentery were not infre- 
quently described by the early anatomists 
and pathologists. Mitchell states that these 
defects are met with about once in every 400 
cadavers. According to Watson (48) mesen- 
teric defects were found in 3 of 1600 autopsies 
—in each case the aperture was in the mesen- 
tery of the ileocecal junction. 

In the 50 cases under consideration defects 
were present in the mesentery of the ileocecal 
junction in 35 instances; in 6 individuals the 
openings were located at the midileum, and 
in 2 in the jejunal mesentery. One patient 


had a defect in the mesosigmoid, and in an- 
other there were multiple fenestrations along 
the entire length of the mesentery. In 5 cases 
the exact site of the mesenteric aperture was 
not given in the report. 

In the majority of instances the apertures 
were quite small, averaging only 2 to 3 centi- 
meters in diameter. In a few cases they were 
larger, the largest being 10 to 15 centimeters 
in diameter. They were usually circular or 
oval in shape with smooth, peritonealized 
edges. In Brown’s case the opening was slit- 
like with rough, irregular edges. 

There are several theories as to the etiology 
of defects in the mesentery. 

Trauma, inflammation with subsequent 
atrophy, and developmental or congenital 
causes are supported by various authors. The 
traumatic theory was advocated by Brown. 
In his case symptoms were preceded by a 
heavy fall and at operation the defect in the 
mesentery was slit-like with rough edges and 
resembled a laceration. A history of a fall, a 
blow on the abdomen, or similar trauma pre- 
ceding symptoms of acute obstruction was 
present in only 8 of the 50 cases under dis- 
cussion. Nevertheless, in these 8 individuals 
the mesenteric aperture was described as cir- 
cular and smooth and apparently of long 
standing except in Brown’s patient. Cases in 
which hernia was associated with a previous 
surgical operation are not included in this 
series. 

Inflammation is thought to be the cause of 
the defects by Hohlbaum, Prutz, and King. 
King is of the opinion that appendicitis ex- 
plains the high incidence of occurrence in the 
ileocecal region. In his case, there was acute 
appendicitis with the appendiceal tip adherent 
to a knuckle of ileum which had prolapsed 
through a defect in the mesentery, the latter 
having smooth, rounded edges. No other 
cases in the present series had histories of 
previous attacks of acute appendicitis or peri- 
tonitis. We were unable to find any specific 
instances in the literature on peritonitis of 
the development of holes in the mesentery. 
Consequently, this hypothesis seems to be 
lacking in proof. 

Popouschek described a patient with tuber- 
culosis of the ileum and cecum involving the 
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adjacent mesentery in which transmesenteric 
herniation of bowel took place through a de- 
fect in the involved segment of mesentery. 
In this instance, inflammatory changes did 
seem to account for the mesenteric defect. 

Most authors have felt that the mesenteric 
holes have a developmental etiology. Feder- 
schmidt believed that the defects represent 
an atavistic regression of the dorsal mesentery 
—a progression of the changes which cause 
the disappearance of the primitive ventral 
mesentery. Long reported a case in which 
multiple mesenteric fenestrations were present 
with herniation of bowel through one of the 
defects. This recalls the fact that multiple 
fenestrations of this type are common in the 
mesentery of the goose, possibly lending some 
support to Federschmidt’s hypothesis. 

Treves described an anatomical explanation 
for mesenteric defects which was further sup- 
ported by Hommes. According to the former, 
there is an avascular area in the mesentery of 
the ileocecal region circumscribed by the anas- 
tomosis between the ileococlic artery and the 
last intestinal artery supplying the terminal 
ileum. The mesentery in this region is poorly 
supported and contains neither fat, lymph 
nodes, nor visible blood vessels. It was here 
that he found defects in studying cadavers. 
Hommes reported 2 cases with defects in this 
region in which there was no true ileocolic 
artery, but rather a strongly developed right 
colic artery which anastomosed with an en- 
larged terminal intestinal vessel named by 
Hommes the arteria ilei magna. This anasto- 
mosis enclosed an avascular field in the center 
of which lay the hole in the mesentery. 

Macklin, in studying the development of 
the alveolar spaces in the lung, has pointed 
out that when two layers of epithelium are 
opposed—-base to base—with a deficient inter- 
vening supporting stroma of connective 
tissue, coalescence inevitably takes place with 
the development of a space or a hole. 

The clinical occurrence of the great major- 
ity of mesenteric defects in the ileocecal region 
adds considerable support to the ideas of 
Treves and Hommes. Possibly there is in 
addition pressure on this avascular area by 
the rotation of the cecum in early embryonic 
life (23) or stress exerted by the protrusion of 
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the midgut into the umbilical coelom. Coales- 
cence of the mesothelium in an avascular area 
during embryonic life is equally applicable in 
explanation of the mesenteric defects occur- 
ring higher in the mesentery, but specific 
anatomical descriptions are lacking. From 
the descriptions of the character of the defect 
in this series of 50 cases they obviously (with 
the exception of Brown’s case) are not of 
recent origin. These facts plus their occur- 
rence in early infancy seem to indicate that 
the majority of the defects are of develop- 
mental origin, while a few may occur with in- 
flammatory changes and following trauma. 

The mechanism whereby a loop of bowel 
becomes incarcerated in a mesenteric defect 
constitutes an interesting problem. Cer- 
tainly there is no possible pressure gradient as 
in the case of external hernias. It is probable 
that with the accidental prolapse of a knuckle 
of bowel through the ring-like opening dis- 
tention results in a “gas trap” mechanism, 
and this is the force that draws loops of bowel 
through the aperture until incarceration oc- 
curs. This has been shown experimentally by 
the work of Gatch, Trusler and Ayers. Thus, 
the size of the hole does not limit the length 
of prolapsed bowel. In fact, in Brown’s case 
the entire small intestine had passed through 
a mesenteric defect about 3 inches in diam- 
eter. 

Once incarceration takes place the familiar 
changes of intestinal strangulation leading to 
gangrene develop with the coincident clinical 
symptoms and signs of acute intestinal ob- 
struction. The terminal ileum is most com- 
monly the segment of bowel herniated through 
the defect. In A.M. Smith’s case (41) the sig- 
moid passed through an ileocecal defect and 
carried with it the adjacent segment of ileum. 

Gangrene may supervene extremely rap- 
idly. In 62 per cent of this series (31 cases) 
gangrenous bowel was encountered with dura- 
tion of clinical symptoms varying between 6 
hours and 11 days. The shortest duration of 
symptoms with gangrene found at operation 
was 6 hours (Williamson’s case). 

Volvulus of the strangulated loop of bowel 
was present in 9 cases. In the last 2 patients 
operated upon at The Children’s Hospital 
volvulus of the afferent and efferent limbs of 
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the strangulated loop had occurred, adding to 
the extent of gangrene. The proximal and 
distal limbs of the involved loop were twisted 
about one another at the point of herniation 
through the mesentery, forming a veritable 
Gordian knot. The volvulus is probably the 
result of hyperactive peristaltic rushes, occur- 
ring after incarceration has taken place. 

The clinical picture of transmesenteric 
hernia is that of acute intestinal obstruction 
occurring abruptly with the onset of severe 
crampy abdominal pain, followed by vomiting 
and associated with complete obstipation. 
The onset of shock seems to vary inversely in 
proportion to the length of intestine strangu- 
lated. The onset of gangrene was accom- 
panied in almost every case by profound 
shock. 

On physical examination these patients 
inevitably appeared to be severely ill. In 
every case there was abdominal tenderness 
which was most frequently right sided, but 
occasionally diffuse, and accompanied by 
varying degrees of distention and peristaltic 
patterning. Peristalsis was obstructive in 
type in most cases, but with the onset of gan- 
grene auscultation usually revealed a silent 
abdomen. In several of the other cases with 
extensive transmesenteric herniation and in 
many of those complicated by volvulus, a pal- 
pable abdominal mass was present. 

Laboratory findings were essentially those 
of acute intestinal obstruction with varying 
degrees of hemoconcentration and leucocy- 
tosis and were not usually very helpful in 
diagnosis. In our last case (J.S.) the leucocyte 
count was only 10,000 despite the presence of 
105 centimeters of gangrenous bowel. 

Roentgenographic studies of the abdomen 
have shown evidence of mechanical small 
bowel obstruction but nothing to suggest the 
exact nature of the obstruction. 

The specific diagnosis was never made cor- 
rectly before laparotomy in any of these cases, 
and there is little to suggest that transmesen- 
teric hernia can be accurately differentiated 
from acute intestinal obstruction associated 
with bands, volvulus, attached Meckel’s 


diverticulum, vitelline vein remnant, or some 
of the other forms of internal hernias. In sev- 
eral cases the preoperative diagnosis was 
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acute appendicitis, but most patients were 
recognized as having acute intestinal obstruc- 
tion. 

Treatment has consisted of reduction of the 
hernia or resection, depending on the state of 
the bowel. In this series there were 19 reduc- 
tions and 22 resections. In 4 instances lapa- 
rotomy only was performed, while 5 patients 
were not explored and the cause of death was 
discovered at autopsy. The total mortality of 
these 50 patients was 38 per cent. The mor- 
tality in those cases in which reduction was 
possible was 15.7 per cent. In 22 patients with 
gangrenous bowel necessitating resection, the 
mortality was 31.8 per cent. In 17 cases in 
which resection was done, primary anasto- 
moses were carried out with a mortality of 
35-2 per cent. In only 5 cases Mikulicz resec- 
tion was performed with a 20 per cent mor- 
tality. 

When the incarcerated bowel is nonviable 
and gangrenous, it is our opinion that the 
Mikulicz resection offers the patient the 
optimum chance of survival. This procedure 
can be performed rapidly with a minimum of 
operative trauma. It possesses the combined 
advantages of aseptic resection and immediate 
decompression of the obstructed bowel. 

If the bowel is viable and nongangrenous, 
then reduction of the hernia can usually be 
facilitated by incising the margin of the de- 
fect in an avascular area. Obviously the 
mesenteric aperture should always be closed 
after reduction to avoid recurrence of hernia. 


SUMMARY 


1. Two cases of transmesenteric hernia 
are added to 2 previously reported cases from 
the Children’s Hospital and data on 46 well 
documented cases from the literature are re- 
viewed and analyzed. 

2. Transmesenteric hernia comprises about 
11 per cent of all intra-abdominal hernias and 
is among the least common causes of acute in- 
testinal obstruction. 

3. The majority of mesenteric defects are 
of developmental origin, while a few may result 
from inflammatory changes and _ following 
trauma. 

4. The clinical picture is that of mechanical 
small bowel obstruction, and an accurate 
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preoperative diagnosis has never been made. 
5. Treatment is early laparotomy with 
reduction or resection, depending on the state 
of the bowel. When gangrene is present, 
Mikulicz resection is the procedure of choice. 
6. The total mortality of these 50 cases was 
38 per cent. Three of the 4 patients treated 
at the Children’s Hospital have recovered. 


REFERENCES 
1. AsHHuRST, A. P. C. Ann. Surg., 1910, 1: 34. 
2. ATHERTON, A. B. Brit. M. J., 1892, 2: 975. 
3. Baty, J. A. Brit. M. J., 1938, 1: 671. 
4. BENNETT, R. J. Am. J. Surg., 1936, 34: 374. 
5. Bona, von T. Zbl. Chir., 1938, 65: 144. 
6. Brown, H. P. Jr. Ann. Surg., 1920, 72: 516. 
7. CantTIN, Y. Lancet, Lond., 1935, 1: 1216. 
8. CLARK, J. Brit. M. J., 1905, 1: 594. 
9. CuTLeR,G. D. Boston M. &S. J., 1925, 192: 305-311. 
10. DARNALL, W. E. Am. J. Obst., 1921, 1: 366. 
11. DEAVER, J. B. Surg. Gyn. Obst., 1920, 30: 30. 
12. Epwarps, C. R. J. Am. M. Ass., 1932, 99: 278. 
13. Exston, L. W. J. Indiana M. Ass., 1926, 19: 157. 
14. FEDERSCHMIDT, F. Deut. Zschr. Chir., 1920, 158: 205. 
15. FRANKLIN, C. G. Lancet, Lond., 1894, 1: 334. 
16. FRAzrER, C. H. Philadelphia M. J., 1899, 3: 174. 
17. GatcH, W. D., Truster, H. M., and Ayers, K. D. 
Arch. Surg., 1927, 14: 1215. 
18. HAMAKER, W. D. J. Am. M. Ass., 1914, 62: 204. 
19. HANSMANN, G. H., and Morton, S. A. Arch. Surg., 
1939, 39: 973- 
20. HARMER, T. W. Boston M. & S. J., 1927, 197: 1094. 
21. HonrsBavum, J. Beitr. klin. Chir., 1920, 119: 468. 


22. Hommes, J. H. Zbl. Chir., 1930, 57: 862. 

23. Jupp, J. R. Surg. Gyn. Obst., 1929, 48: 264. 

24. Keyes, E. L., and Mrippteman, I. C. Surg. Gyn. 
Obst., 1941, 72: 237. 

25. Kine, E.S. J. Brit. J. Surg., 1935, 22: 504. 

26. LANE, W. A. Brit. M. J., 1890, 1: 890. 

27. Linc Au Cuoon. J. Malaya Branch Brit. M. Ass., 
1939, 3: 15. 

28. Lone, E. R. Tr. Chicago Path. Soc., 1927, 12: 335. 

29. Mackin, C.C. Anat. Rec., 1935, 61: Supplement. 

30. MAcPHATTER, N. Am. J. Surg., 1904-1905, 18: 232. 

31. Marxuerm, H.R. J. M. Ass. Alabama, 1941, 10: 309. 

32. MAuvc aire. Bull. Soc. anat. Paris, 1899, 74: 247. 

33. McIver, M.A. Am. J. Surg., 1933, 19: 518. 

34. MeapgE, H. S. Irish J. M. Sc., 1942, 192: 103. 

35. MITCHELL, L. J. Ann. Surg., 1899, 30: 405. 

36. MuLLer, P. Bull. Soc. chir. Paris, 1928, 20: 154. 

37. PapouscHEK, E. Mitt. Grenzgeb. Med. Chir., 1936, 
44: 290. 

38. Prutz, W. Deut. Ztschr. Chir., 1907, 86: 399. 

39. Roserts, J. B. Ther. Gaz., Phila., p. 1964, 1915. 

40. Rostinson, J.S. J. Indiana M. Ass., 1926, 19: 157. 

41. SmitH, A. M. Ann. Surg., 1932, 96: 292. 

42. SmitTH, J. G. Brit. M. J., 1897, 1: 1022. 

43. SmitTH, J.S. R. Lancet Lond., 1897, 2: 1111. 

44. SPEIDEL, F. W. Louisville M. Monthly, 1895-18096, 
2: 479. 

45. Staab, E. C. S. Thomas Hosp. Rep., Lond., 21: 172. 

46. TREvVES, Str FREDERICK. Anatomy of the Intestinal 
Canal and Peritoneum in Man. London: H. K. 
Lewis, 1885. 

47. TuREL, S. J. Internat. J. M. & S., 1932, 45: 462. 

48. Watson, L. F. Hernia. P. 420. St. Louis: The C. V. 
Mosby Co. 1938. 

g. Watson, J. R. Ann. Surg., 1937, 106: 1097. 

50. WHITE, J. Brit. M. J., 1928, 2: 490. 


Wiiiramson, J.C. F. L. Brit. J. Surg., 1933, 20: 684. 
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FRANCIS J. McGOWAN, M.D., F.A.C.S., Lieutenant Colonel, M.C., A.U.S., New York, New York 


N the condition known as “recoil” injury, 
the spinal cord may be severely damaged 
without demonstrable or commensurate 
injury to the spinal column. Diving 

accidents, or certain automobile accidents in 
which the head is whip-lashed forward, pro- 
ducing a forceful anterior flexion of the cer- 
vical spine, are the usual causes. Less fre- 
quently, extreme retroflexion may cause sim- 
ilar lesions. This is commonly stated and be- 
lieved to be due to the sudden massive disloca- 
tion of a vertebral body, which then recoils by 
reflex contraction of the antagonist muscles. 
This explanation has been employed for a 
number of years and is rather generally re- 
peated in the books and literature on the sub- 
ject, but it appears to have been arrived at on 
purely theoretical grounds and on negative 
observations. 

In this case presentation it is our purpose 
to give what we believe to be an essen- 
tially new concept in the pathogenesis of the 
spinal cord lesions, replacing that heretofore 
held. On the basis of our observations and 
findings we believe that it is not the rather 
incredible excursion of a vertebral body virvu- 
ally across the width of the spinal canal and 
back again, but rather, it is the violent pro- 
trusion of the intervertebral disc by means of 
the hydraulic ram-like action of the nucleus 
pulposus, or the rupture of the latter when 
subjected to sudden intense compressive force, 
which causes the damage to the spinal cord. 


CASE PRESENTATION 


A 20 year old soldier was admitted to hospital on 
July 23, 1943, with the following history: 

At about 11:00 a.m. that day he dived into shallow 
water in a dam, striking his head, and becoming 
dazed momentarily. He was removed from the water 
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by others and was found to have a paralysis of all 
four extremities, with numbness below the nipples. 
A medical officer saw the patient shortly after the 
accident and he was transported to a general hos- 
pital. During the trip to the hospital the patient 
observed that he was able to flex his arms; he also 
experienced spontaneous pains in the arms. 

Examination revealed the following positive find- 
ings: complete paralysis below the 5th cervical seg- 
ment. Breathing was abdominal in type, the chest 
movers being paralyzed. Except for the biceps 
tendon reflexes, all deep reflexes were abolished. 
Except for the plantar responses, all superficial re- 
flexes were absent. Priapism was present. He was 
unable to void urine voluntarily. Temperature was 
102 degrees: respirations, 20. 

X-ray films of the cervical spine were taken in a 
lateral view and showed a very slight compression 
fracture of the anterior portion of the body of the 5th 
cervical vertebra as well as a slight narrowing of the 
posterior portion of the 4th intervertebral space 
(Fig. 1). 

An orthopedic and neurosurgical consultation was 
held and it was decided to apply skeletal traction, 
even though the deformity in the spine was slight. 
There was no evidence of any displacement of the 
posterior elements of the spinal column and there- 
fore no indication for laminectomy. Skeletal trac- 
tion was obtained by the application of the Crutch- 
field skull tongs. 

His condition remained stationary for the next 36 
hours, and he was rational and comfortable. At 9:00 
a.m., July 25, 1943, he was found to be suffering 
respiratory distress, with cyanosis and abnormal 
moisture in the respiratory passages. Intranasal 
oxygen therapy with carbon dioxide was adminis- 
tered, and coramine was given twice. As the morning 
progressed, he became more somnolent and finally 
lapsed into coma, expiring about 1:00 p.m., July 25, 
1943, 50 hours after the accident. 

At autopsy the following pathologic diagnoses 
were made: respiratory system—pulmonary edema, 
severe, acute, bilateral; spleen and hematopoietic 
tissues—splenic enlargement, chronic, cause unde- 
termined; bones and joints—(a) fracture of body and 
arch of 5th cervical vertebra, simple, incurred in 
same accident, and (b) prolapse of intervertebral disc 
between 4th and 5th cervical vertebrae, acute, 
traumatic. 

The autopsy protocol read: brain—no pathology 
on external examination or cut sections through the 
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pons and medulla. Sectioning after proper fixation 
showed no pathological changes; spinal column and 
spinal cord—small hematomas were noted in the 
margin of the dorsal process of the 5th and 6th 
cervical vertebrae, and around the epistropheus. A 
small splinter of bone was found on the left side of 
the vertebral arch of the 5th vertebra, exteriorly. 
Opposite the 5th intervertebral space, the spinal 
cord was practically severed, except for the posterior 
columns and the posterior portion of the pia. At the 
3th cervical interspace there was a sharp protrusion 
of the intervertebral disc, opposite the site of the 
spinal cord lesion. On inspection, the posterior 
diameter of this disc was about twice that of either of 
the adjacent disc spaces, and the projection into the 
spinal canal measured about 4 millimeters. The 
adjacent periosteum and ligaments showed some 
hemorrhage. 

The spinal cord was almost severed. Aside 
from the prolapse of the intervertebral disc, no 
abnormal vertebral protrusion nor gross tear- 
ing of any posterior ligaments could be demon- 
strated at autopsy. The case is cited as an 
example of laceration of the spinal cord by 
sudden, severe, traumatic prolapse of the in- 
tervertebral disc by the projectile force of the 
compressed nucleus pulposus. There was no 
roentgen evidence of dislocation of the ver- 
tebral body, nor could manual and instru- 
mental manipulation demonstrate any ab- 
normal mobility of the bodies of the cervical 
vertebrae when the cervical canal was ex- 
posed. The spinal cord and the prolapsed 
portion of the disc were obtained as specimens 
(Fig. 2.) 

REVIEW OF LITERATURE 

It is of interest that the literature contains 
descriptions and photographs of somewhat 
similar cases, showing herniations of the 
nucleus pulposus, yet, in explaining the mech- 
anism of injury to the cord, all authors hew to 
the old line of reasoning, of dislocation with 
recoil. 

Courville states: “The radiographic evi- 
dence of injury to the spine is extremely vari- 
able. Instances of complete transection of the 
cord-may show no evidence of either fracture 
or dislocation, the dislocated vertebra respon- 
sible for the injury springing back into place 
after the traumatizing force has been ex- 
pended.” 

Clark cites the case of a patient with com- 
plete and immediate paralysis who is still liv- 
ing after 8 years, still paralyzed from the neck 
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Fig. 1. Roentgenogram of cervical spine, Case 1. Arrow 
indicates point of compression fracture, anterior surface, 
5th cervical vertebra. 


down. He showed only a mild compression of 
the 6th cervical vertebra in the roentgeno- 
gram. Clark rationalizes that the damage to 
the cord may have been caused by a disloca- 
tion which reduced itself spontaneously. 
Scudder cites a case in which death resulted 
from skull injury in which the spinal cord was 
crushed. He describes it as ‘dislocation, spon- 
taneously reduced, of the 6th on the 7th dorsal 
vertebra. There is complete rupture of all bind- 
ing ligaments and the disc is shattered. There 
can be found no fracture or dislocation of the 
vertebrae. A large fragment of disc tissue and 





a b 


Fig. 2. a, Section of spinal cord, Case r. Anterior surface, 
showing incomplete severance. b, Prolapsed portion of 5th 
intervertebral disc. 


518 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 3. Drawing from portion of a photograph in Pan- 
coast (loc. cit.). Specimen of spinal cord of patient drowned 
in diving accident. Fifth cervical vertebra and some of its 
processes are partially crushed. The spinal cord compres- 
sion is caused directly by the posterior herniation of the 
nucleus pulposus, and not by the vertebral body. 


a collection of blood clot are lodged between 
the dura and the posterior wall of the vertebra 
above. This mass presses upon the crushed 
cord. Marked dislocation of the vertebra 
above must have occurred momentarily, re- 
placement having taken place through the re- 
coil of the column when the force was spent.”’ 
(The illustration accompanying the text in the 
book shows the contents of the intervertebral 
disc extruded upward into the canal, opposite 
the lower half of the vertebra above. It is at 
this point that the cord is crushed. Granted 
that there was a certain marked degree of dis- 
location at the time of the accident and that 
the ligaments were torn, it nevertheless ap- 
pears logical that the spinal cord was crushed by 
the violently extruded disc, rather than by the 
temporary dislocation of the vertebral body). 

Watson-Jones, in discussing cervical dislo- 
cation, states: “‘The most severe degrees of 
primary bony displacement may be masked 
by complete spontaneous reduction. In some 
cases there is no radiographic evidence of bone 
injury at all, and yet the cord is irrecoverably 
damaged.” He states that free mobility of the 
dislocated segment of the spine depends upon 
tearing of the ligaments of the interarticular 
and intervertebral joints. Pancoast, Pender- 
grass, and Shaeffer illustrate this subject excel- 
lently with a case of partical fracture-disloca- 


tion of the 5th cervical vertebra, and resultant 
compression of the spinal cord, in a diving 
accident. Figure 3, which was drawn upon a 
tracing from their photographic illustration, 
shows clearly that the ligaments of the 4th 
intervertebral space have ruptured and the 
contents of the disc have herniated, both 
anteriorly and posteriorly, the latter mass 
compressing the spinal cord. It is noteworthy 
in viewing this case, that although the disloca- 
tion of the 5th vertebral body is considerable, 
this in itself would have caused little or no 
impingement upon the cord if the disc had re- 
mained intact. These authors corroborate this 
observation by the following discussion: ‘‘In 
the cervical region, the severity of the trauma 
to the spine bears little relation to the cord 
injury. Often, there is comparatively little 
roentgenographic evidence of traumatism to 
the spine with the most severe cord injuries. 
On the other hand, there may be a serious 
fracture, with permanent dislocation, and 
marked displacement, and little or no cord 
disturbance. It is evident, therefore, that the 
seriousness of the injury depends entirely on 
the damage, present and remote, to the cord 
and nerve tissues.” If, for the sake of argu- 
ment, one granted that the static, posttrau- 
matic dislocation was no criterion of the 
amount of displacement which occurred at the 
moment of greatest stress and strain, this case 
nevertheless proves that it is the herniation of 
the nucleus pulposus and cartilage which has 
produced the injury to the cord. 

Davis has shown by experiment with a test- 
ing machine, that the anterior longitudinal 
ligament shows no evidence of stretch and 
that the average breaking point is at 337 
pounds (153 kgm). 

An extensive search of the literature by 
Stinchfield revealed that the writers on the 
subject considered that the ligaments of 
the vertebral column are relatively stronger 
than the bones and that the latter are more 
apt to fracture under stress than the ligaments 
are to rupture. 


THE TRUE MECHANISM PRODUCING SPINAL 
CORD INJURIES 


The pathologic proof presented in our case 
and in those others in which there was autopsy 
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material, all points incontrovertibly to the in- 
jured intervertebral disc as the agent trau- 
matizing the cord. The credibility of the 
accepted, but factually ungrounded, theory is 
further controverted by reasoning on the facts 
of the anatomy and function of the vertebral 
joints and ligaments. 

This construction is such that a dislocation 
occurring under great stress must inevitably 
be associated with tearing of the ligaments or 
fracture of the bones, or both. Normal motion 
is so circumscribed that the degree of motion 
and the arcs which the vertebrae will describe 
in moving in various directions is actually 
stereotyped at each segment and for each re- 
gion. 

The column of amphiarthrodial joints be- 
tween the vertebral bodies, i.e., the inter- 
vertebral discs, is very stable. Being of semi- 
solid fibrocartilaginous structure and being 
bound by inelastic and nonstretchable liga- 
ments, these joints allow the adjacent verte- 
bral bodies to undergo only tilting movements 
and to-and-fro displacement in various direc- 
tions. 

By contrast, the true diarthrodical joints 
between the articular facets, being lined with 
synovial membrane and enveloped by elastic 
ligaments have a relatively wide range of mo- 
tion. Steindler states that the posterior liga- 
ments are so elastic that if one separates the 
column of posterior arches from the column of 
vertebral bodies a shrinkage of 14 per cent in 
the length of the former occurs. This corre- 
sponds approximately to the difference in 
length of the posterior surface of the vertebral 
bodies in the positions of normal erect rest, 
when the various posterior ligaments are on 
tension, and in complete posterior extension, 
when they are contracted. In Figure 4 the dif- 
ference is seen to be about 12 per cent between 
these two positions. The ultimate degree of 
displacement and curvature in any movement 
is determined by the planes and dimensions of 
the articular facets, and the angles at which 
they are placed to the bodies. For example, 
in forward flexion of the cervical spine, the in- 
ferior articulating facet of each process glides 
upward and anteriorly upon the superior facet 
of the vertebra below. In so doing, it causes 
each vertebral body to be displaced forward 
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Fig. 4. Schematic tracings from roentgenograms of 
normal cervical spine. a, Maximum retroflexion; b, normal 
erect position; c, anteflexion, chin flexed upon chest, ap., 
articular process; b, body. a, b, and c illustrate relative 
positions of articular facets in various positions. Note 
upward and anterior gliding of each articular facet upon the 
one beneath it, in anteflexion, and the reverse in posterior 
flexion. d, c, and f, Same, illustrating the relative positions 
of the vertebral bodies in same phases as in a, b,c. In retro- 
flexion, d, each body projects posteriorly upon the one below 
and conversely in anteroflexion, c, the offset is anterior. 
The summation of these small upward and forward dis- 
placements produces the interval between d and f. This 
occurs by changes in the shape of the intervertebral disc, 
doubtless by realinement of the direction of its constituent 
fibers, rather than by true compression. The lines Y, Y’ and 
Y’’ remain equal in all positions: there is, therefore, no 
actual elongation or shortening of the column of verte- 
brae. The perimeter of the sector does not change in the 
various positions and therefore, since the bony contour 
remains constant, the changes in shape of the intervertebral 
disc are not due to expansion nor contraction, as in the 
elastic posterior ligaments. 


upon the one below (Fig. 4b). In this forward 
displacement of the vertebral bodies the nucle- 
us pulposus acts as a pivot more or less com- 
parable to a roller bearing. The shape of the 
intervertebral disc changes, becoming widened 
posteriorly and narrowed anteriorly. The 
summation of these small upward and anterior 
displacements of the bodies permits a wide 
excursion of the head and upper cervical spine 
upon its fulcrum at the relatively less mobile 


520 


cervicothoracic junction. As seen in Figure 4 
the mechanical advantage of flexing the head 
posteriorly is greater than in anterior flexion. 
This is because the intervertebral discs have 
greater depth anteriorly, that is they have 
longer fibers and for that reason are capable 
of wider separation when the head is retro- 
flexed. Another contributing factor is the tend- 
ency of the elastic posterior ligaments to 
contract. 

At this point it seems desirable to correct 
the misnomer in common general use and in 
anatomy textbooks of the term ‘‘compression”’ 
of the disc on that aspect of the spinal column 
which becomes concave in any given move- 
ment. The tendency toward compression by 
the vertebral column is countered by the 
nucleus pulposus. The latter is quasi-liquid 
and is tightly surrounded by the flexible but 
inelastic matrix of fibrocartilage constituting 
the disc. This inelastic capsule, consisting of 
the fibers of the annulus fibrosis and of the 
anterior and posterior longitudinal and the 
lateral ligaments, tends to maintain the over-all 
dimensions of the disc unaltered under normal 
conditions of stress and movement. In the 
normal erect position of the spine the aline- 
ment of the vertebral bodies is such that a 
smooth unbroken line is presented toward the 
spinal canal by their posterior surfaces. In 
complete forward flexion of the cervical spine, 
each superior posterior edge of the vertebra 
projects into the spinal canal, and during com- 
plete extension, the inferoposterior border of 
the vertebral body projects into the canal, so 
that there is a definitely broken line in the 
bony contour of the spinal canal (Fig. 4b). It 
may be stated that there is no true compres- 
sion or elastic stretching of the soft parts of the 
discs, but merely a realinement of their con- 
stituent fibers. This phenomenon gains im- 
portance in the problem under consideration. 
That is, when an extreme force has been ap- 
plied to the cervical spine in flexion, having 
reached the point of maximum normal dis- 
placement, and being neither contractible nor 
expansible, either the bone or the ligamentous 
structures must give way under the force. In- 
asmuch as the elastic ligaments of the posterior 
arches are capable of stretching, they are more 
apt to remain relatively intact and contract 
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back to their normal length and position after- 
ward. 

However, if the force producing violent 
flexion of the neck is too great, the disparity 
between the expansible properties of the two 
sets of ligaments will necessitate a rupture of 
the inelastic fibers maintaining the nucleus 
pulposus within its confines, and it will either 
herniate through the weakened fibrocartilage 
or project the force applied to it through the 
weakened area, thus directly injuring the 
spinal cord. 

It is patent that there is a great disparity 
between these facts, both anatomic and path- 
ologic, and the reasoning which has previously 
been employed to explain the phenomenon 
under consideration. It is apparent that the 
explanation of spinal cord transections with- 
out tangible evidences of disjunction of the 
vertebral column has been based on an im- 
probable theory. It has been promulgated 
despite factual patent evidence to the con- 
trary, the significance of which has been un- 
deremphasized. Critical examination and eval- 
uation of all of the phenomena observable in 
these cases will doubtless reveal much more 
importance of the intervertebral disc than has 
heretofore been recognized. 


SUMMARY AND CONCLUSIONS 


1. The report of a case of injury by diving 
into shallow water is presented. The cer- 
vical cord of the patient was almost com- 
pletely severed anteriorly without any evi- 
dence of dislocation present of the spinal 
column. 

2. At postmortem examination there was 
revealed a protruded intervertebral disc di- 
rectly opposite the lesion present in the spinal 
cord. 

3. The previously held theory that such le- 
sions were due to a momentary extreme ver- 
tebral dislocation with immediate spontaneous 
reduction is held improbable on anatomic 
grounds. 

4. Violent protrusion of the intervertebral 
disc, due to compression of the nucleus pul- 
posus, or herniation of the latter, is proposed 
as the true mechanism producing the injuries 
to the spinal cord in this special type of trau- 
matic paralysis. 
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OBSERVATIONS ON DISPLACED FRACTURES OF 
THE HAND 


GEORGE M. SAYPOL, M.D., Major, M.C., A.U.S., and 
LOUIS R. SLATTERY, M.D., F.A.C.S., Major, M.C., A.U.S., New York, New York 


HE common occurrence of fractured 
metacarpals and phalanges inadequately 
treated, with much resultant disability, 
has interested us in methods which we 
report herein. Surgeons are aware of the anxiety 
and interest displayed when a patient with a ma- 
jor fracture enters the hospital. In contradistinc- 
tion, a patient with fractures of small bones is ig- 
nored and left to the inexperienced to be treated. 
He is then discharged to an out-patient depart- 
ment and lost sight of, until malunion brings him 
back, often for operative correction. 
This paper deals with “baseball finger,” dis- 
placed fractures of phalanges, displaced fractures 
of metacarpals, and fractures involving joints. 


“BASEBALL FINGER” 


Contrary to some opinion, we believe that satis- 
factory functional and cosmetic results can be ob- 
tained by carefully applied closed methods in 
cases seen within the first week. Simple hyper- 
extension of the distal phalanx as obtained by 
means of a padded tongue depressor is unphysio- 
logical and will yield poor end-results. Immobili- 
zation of the involved finger with molded plaster 
or a well fitting aluminum splint, with flexion at 
the proximal interphalangeal joint and hyperex- 
tension at the distal interphalangeal joint (Fig. 1) 
has proved satisfactory in our hands. We empha- 
size the position, as we believe that adequate 
hyperextension can be obtained only by relaxing 
the flexor tendon. A word of warning regarding 
the use of plaster: it should be snugly applied, and 
a dorsal section corresponding to the shape of the 
nail should be cut out so that the finger tip may 
be observed for circulation. Care in the original 
splinting, with observation for the first 12 to 24 
hours may make the difference between union of 
an avulsed fragment to its bed and a permanent- 
ly “dropped finger.” For cases seen after the first 
week, open operation is usually necessary. This 
procedure is recommended only for those in whom 
the distal phalanx is an encumbrance. 


PHALANGES 


In the treatment of fractured phalanges we 
have employed a method of fixed traction which 


has several advantages over commonly used meth- 
ods. Our procedure utilizes a traction splint in- 
corporated in plaster as described in a previous 
paper.' Briefly it consists of an aluminum alloy 
splint extending from the palm to just beyond the 
tip of the finger. The palmar portion has four 
flanges to facilitate incorporation in plaster. The 
shaft is the width of the finger and in its distal 
portion has two flanges forming a trough. In 
these flanges, parallel vertical notches 4 milli- 
meters apart engage the needle used for transfixion. 
The technique of using the splint is as follows: 
Under local or intravenous anesthesia the fracture 
is reduced and the pulp of the distal phalanx or 
the normal phalangeal bone distal to the fracture 
site is transfixed. The proximal portion of the 
splint is then incorporated in plaster which extends 
from the metacarpophalangeal joints to the lower 
half of the forearm, the fingers are left free and 
the wrist immobilized in slight cock-up position. 
The shaft of the splint is then bent into optimal 
position for maintaining alinement, with care to 
keep in mind the functional position for the finger. 
Traction is then made on the finger through the 
transfixing needle, and the latter is inserted into 
the parallel notches which provide corrective ten- 
sion and fixation. The finger rests on the splint, 
the latter is covered by a layer of gauze (Fig. 2). 
Immediate x-ray or fluoroscopic check is made. 
Minor alterations in traction may be made by 
further flexing the splint to increase, or extending 
it to decrease, the degree of pull. For additional 
security we employ a piece of thread or wire 
looped around each end of the needle and tied 
beneath the splint. This is a precautionary meas- 
ure against disengagement of the needle, and is 
useful in dealing with active ambulatory patients 
who are exposed to trauma. After 3 to 4 weeks, 
depending upon the obliquity and degree of dis- 
placement of the fracture, a test for bony union 
is made as follows: The traction is released by 
extending the splint, and the engaged needle is 
lifted out of the notches. The finger is thus freed 
for clinical examination, and following x-ray con- 
firmation of satisfactory position, the plaster with 


ISaypol, George M. A splint for the treatment of fractured fin- 
gers requiring traction. Military Surgeon (in press). 
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Fig. 1. Position for immobilization of ‘‘baseball finger” 
in plaster. 


splint and transfixing needle are removed. Anoth- 
er week is devoted to controlled active physio- 
therapy. 

Figures 3 and 4 illustrate Cases 6 and 7, re- 
spectively. Fractures of the phalanges involving 
joints are considered under separate heading due 
to the different problems involved. 


METACARPALS 


In the treatment of fractured metacarpals we 
have used a method recently reported as new, but 
which we employed as far back as 1936. We 
learned the procedure from Colonel W. W. Lasher. 
Following closed reduction of the fracture by trac- 
tion on the flexed finger, a Kirschner wire is passed 
through the heads of the affected and its adjacent 
metacarpal or metacarpals. In the case of fracture 
of the 5th metacarpal or the much rarer 2nd meta- 
carpal, it is necessary to incorporate the emergent 
wire under tension in a plaster gauntlet, leaving all 
the metacarpophalangeal joints free. The latter 
serves as a means of external fixation, while the 
adjacent metacarpal serves as a fulcrum. We 
stress this point because the Kirschner wires em- 
ployed are not sufficiently rigid to maintain trac- 
tion, unaided. In fractures of the 3rd and 4th 
metacarpals one may dispense with plaster, except 
to protect the protruding wire end from trauma. 


a b 
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Fig. 2. Fixed traction splint showing incorporation in 
plaster casing. 


This procedure may be utilized in compound, 
as well as simple, fractures. Its usefulness may be 
extended to cases of shaft fracture with marked 
displacement of the fragments. A second wire 
passed through the proximal fragment and ad- 
jacent metacarpals following reduction, provides 


a 
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c d 


Fig. 3. Before and after reduction, Case 6, comminuted fracture of shaft of proximal phalanx left 4th finger. 
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Fig. 4. Roentgenograms before and after reduction, Case 7, compound comminuted fracture 


of shaft proximal phalanx left 5th finger. 
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Fig. 5. Roentgenograms before and after reduction, Case 16, comminuted fracture distal end and 
head of metacarpal right 5th finger. 


an adequate means of maintaining good aline- 


; ment. 
\ The method has the advantage of allowing im- 
~~ % mediate motion in all the joints of the affected and 
' normal fingers. Other forms of traction through 
the phalanges result in prolonged disability due 
: j to the long period of immobilization. Using the 
latter methods one cannot help being impressed 
with the fact that joint complications in the finger 
used for traction are sometimes more disabling 
d than the fractured metacarpal itself. Figure 5 il- 
lustrates Case 16. 
a b c d 


FRACTURES INVOLVING JOINTS 


Fig. 6. Roentgenograms before and after reduction, Case Fractures and fracture-dislocations involving 
c - c re ii re a 


22, oblique fracture of head of proximal phalanx with dis-  . . ; 7 
location at proximal interphalangeal joint and displacement JO!Nts In which more than 50 per cent of one sur 


of anterior portion of head anteriorly, left 5th_finger. face is involved, frequently terminate in ankylo- 
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sis. This complication, particularly in the prox- 
imal interphalangeal joint is so disabling that the 
patient may request amputation. Bone block 
may also complicate these fractures and frequent- 
ly requires operative correction. We believe that 
traction in the position of function, followed by 
active motion in 3 weeks will circumvent these 
sequelae in many instances. Traction reduces the 
displaced fragments, realines the joint surfaces, 
and at the same time maintains the joint spacing 
so that the tendency to heal across and ankylose is 
minimized. Figure 6 illustrates Case 22. 


ALLIED CONDITIONS 


The principles enumerated have been applied 
satisfactorily to allied conditions such as fractures 
of the rst metacarpal, fractures of the metatarsals, 
lacerations of tendons involving joints, and hu- 
man bite infections involving the metacarpo- 
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phalangeal joint. In using the traction splint for 
displaced fractures of the first metacarpal, ap- 
plied to the dorsal surface, we have had to rely on 
the wire loop to keep the needle from slipping out 
of the notches. Therefore we are not yet disposed 
to credit it with any advantages over the familiar 
banjo-wire method. 


SUMMARY 


1. “Baseball finger,’’ displaced fractures of 
phalanges and metacarpals, and fractures about 
joints have been discussed. 

2. Fixed traction methods, which are simple 
and reliable have been considered. We have had 
no complications from their use and good func- 
tional and anatomical results have been obtained. 

3. Traction, in the treatment of fractures about 
joints, as well as other conditions involving joints, 
is recommended. 





TOTAL AND PARTIAL PATELLECTOMY 


An Experimental Study 


BERNARD N. E. COHN, M.D., Denver, Colorado 


OTAL excision of the patella is not a new 

procedure. It was used as early as 1860 

by Putz and by Fowler in 1871 for the 

treatment of habitual dislocation of the 
patella. In 1889 Page recorded a case of removal 
of the patella for “acute necrosis.”” Patellectomy 
was utilized in the treatment of fracture by 
Altham in 1890, followed by Scudder (1898), 
Le Boutillier (1903), and Willis (1907). Tait, who 
used this method for treating fractures in 1900, 
stated that “many have an exaggerated idea of 
the importance of the patella, which is merely a 
sesamoid bone.” 

John B. Murphy performed patellectomy in 2 
cases of tuberculosis in 1908. Basing his judg- 
ment upon the work of Joachimsthal and empha- 
sizing the fact that certain “animals using their 
quadriceps extensively, like the kangaroo, have no 
patella,’ Murphy claimed that “‘the patella is not 
essential for perfect mobility and function of the 
knee-joint.”” Heineck, in 1909, made an analytical 
study of over 1,100 cases of fracture of the patella 
treated by the operative method. He found that 
complete removal of the patella had been per- 
formed for chronic osteomyelitis, tuberculosis, 
fracture, and primary malignant disease and that 
“extirpation of the patella is always a sacrifice.” 

From 1909 until 1936, interest in total removal 
of the patella abated or the procedure fell into 
disrepute. In 1936 Blodgett and Fairchild pro- 
posed what they considered ‘‘a new conception of 
the treatment of the acute fracture of the patella, 
namely, the method of subtotal resection of the 
patella or, when indicated, total excision.” They 
claimed that this procedure is “productive of 
excellent clinical results and is justified in the light 
of functional anatomy of the knee joint.” Impetus 
was added to the subject in 1937 by Brooke (9, 10), 
whose work is now extensively quoted. He ad- 
vanced experimental and other evidence to show 
that in the absence of the patella “the efficiency of 
the knee-joint is, if anything, increased, both as 
regards the rapidity of movement and power.” 

Since 1937 many publications have appeared 
appertaining to the removal of the patella for 


From the Research Department, National Jewish Hospital and 
So eens of Pathology, University of Colorado School of 
Medicine, 


fracture (13, 15, 19, 22, 25, 29, 30, 32) and for 
arthritis (1, 6). Warnings against the adoption of 
such a procedure routinely, however, are beginning 
toappear in the literature (11, 12, 16,17, 31). Bruce 
and Walmsley (1942) performed experimental 
excision of the patella in rabbits, and reported 
degenerative changes in the articular cartilage, 
especially in the patellofemoral surface. In the 
same year Giardi, using dogs as the experimental 
animal, noted that patellectomy resulted in a 
reduction of active motion, an increase in passive 
motion, degenerative changes of the articular 
surface of the internal condyle as well as the inter- 
condylar sulcus, and atrophic changes of the 
extensor mechanism. 

The present work was begun in January, 1942, 
before the appearance of Bruce and Walmsley’s 
paper. The purpose was to ascertain the effects, 
if any, of total and partial excision of the patella 
on the structure of the knee joint both in young 
and adult rabbits. Since it was believed that func- 
tion could not be satisfactorily tested clinically in 
the rabbit, specimens of the quadriceps muscle 
were taken from animals of each group in order to 
study histologically any changes which might 
have been caused by malfunction. 


METHOD 


Twenty-eight normal healthy rabbits were used 
in the experiments. Group I consisted of 14 adult 
animals, whose weights ranged from 2.16 to 4.09 
kilograms at the beginning of the experiments. 
Group II contained an equal number of young 
animals, the weights of which varied from 778 to 
1,135 grams. Each of these groups was subdivided 
into two equal groups. In the one, the entire right 
patella was removed, the left serving as the con- 
trol. In the other, approximately one-half of the 
patella on the right was excised, the left again 
being the control. 

The animals were fed a substantial, balanced 
diet throughout the course of the project. All 
animals gained weight. They were permitted to 
run at large for exercise in a room at least 4 days 
weekly. With the exception of a few rabbits which 
died within 4 months, all the animals were killed 
at the termination of the experiments varying 
from to to 12 months. 
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Fig. 1. Total patellectomy in adult rabbits. Roentgenograms of knee joints showing 
small masses in patellar tendon (animals B1R and BsR), irregularity of the femoral 
condyles (animals BR, B5R and B7R), and rarefaction of the femoral condyles (animal 
BOR). Control extremities are marked “L”; extremities operated upon “R”, 


Operative procedure. The anesthesia used wasa__ ministered through the marginal ear vein. The 
1'4 per cent solution of sodium pentothal ad- right knee region of each animal was surgically 
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Fig. 2. Total patellectomy in adult rabbits. Animal 
B3R (1) illustrates an area of deep excavation of the fem- 
oral condyle (X55). B3R (2) shows irregularity of the 
femoral condyle, Weichselbaum’s lacunae and vasculariza- 
tion of the cartilage (110). Note fibrillation of articular 
cartilage in Bs5R (1) (X110). Fraying, early ulcerative 


prepared. The patella was exposed through a 
small vertical incision, and was enucleated by 
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lesion and clustering of the cartilage cells are seen in B7R 
(X55). Bs5R (2) shows fraying of the patellofemoral 
articular surface and two bony masses at previous site of 
patella (X26). Metaplastic bone formation is seen in the 
cicatricial tissue of the patellar tendon of animal BOoR 
(X75). 


very careful subaponeurotic dissection. The qua 
driceps aponeurosis was then meticulously sutured 
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B13L 


Br3R 


Fig. 3. Partial patellectomy in adult rabbits. Roentgenograms of knee joints illus- 
trating high position of the patella, rounding of the apex and demarcation between the 
old and regenerated portions of the patella. Varying degrees of bony proliferation of the 
femoral condyle opposite the patella is seen in all animals. B13R shows irregularity 
of the femoral condyle. Control extremities are marked “L’’; extremities operated 


upon, “R.” 


together with the patellar tendon with Deknatel 
No. 1. The skin was closed with similar sutures. 

In the groups in which one-half of the patella 
was excised, the apex was carefully freed from the 
ittachment of the patellar tendon. A rongeur was 
used to remove as nearly as possible 50 per. cent 
of the bone. The patellar tendon was then meticu- 
lously reanchored to the patella and mesial and 
lateral expansions of the quadriceps with Deknatel 
No. 1. No subcutaneous sutures were used. The 
skin was closed by means of 2 or 3 sutures of 
similar material. The wounds healed per primam 


with the exception of a few minor superficial 
infections. 

Technical procedures. Several animals were 
chosen at random from each group for x-ray 
examination of the joints 6 months after the 
beginning of the experiments. At the termination 
the amputated extremities of all the animals were 
x-rayed in the anteroposterior and lateral posi- 
tions. The limbs were immediately skinned and 
placed in 1o per cent formalin. Gross pathological 
studies were not made because they would distort 
the anatomical relationships. Following fixation, 
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BrrR 





Fig. 4. Partial patellectomy in adult rabbits. Animal 
BoR shows vascularization and cellular proliferation of the 
articular cartilage (X110). Note irregularity and vascu- 
larization of femoral condyle in B12R (X37). Br1R (X150) 


the material was decalcified in 5 per cent nitric 
acid. The joints were then bisected sagittally; 
one-half was prepared by means of the paraffin 
method, the other by celloidin. The celloidin 


and B13R (1) (Xg95) evinces fibrous stratum of femoral 
condyle. B14R shows an area of deep excavation of 
femoral condyle (X18). B13R (2) shows regenerated area 
of patella (RE), the apex of which is rounded (X12). 


sections were stained by the Bock technique (28). 
An adequate specimen from the quadriceps 

muscle of each animal was taken for study. This 

material was prepared by the paraffin method. 
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B2oR 





Fig. 5. Total patellectomy in young rabbits. Roentgenograms of knee joints showing 
masses resembling bone in the quadriceps tendon (animals B17R and B2oR) and in 
the patellar tendon (animals B2oR and B21R). The apparently reformed patella on 
the lateral view in animal B2oR is resolved into superimposition of several shadows on 
the anteroposterior view. Control extremities are marked “L’’; extremities operated 


upon, “R.” 
RESULTS 

A detailed study of each roentgenogram and 
histologic section was made. The changes which 
were noted in each group differed from one another 
only in degree or extent. The data, therefore, will 
be presented as a whole for each group, and the 
various changes will be illustrated by particular 
lesions in the individual animals. The findings 
will be grouped under headings which represent 
the experimental procedure. 

Group 1. Total patellectomy in adult rabbits. 
Clinically one could not distinguish between the 
extremities operated upon and the control. Weak- 
ness or limp could not be detected. No tendency 





to protect the leg operated upon was observed 
after complete healing of the wound. 

X-ray examination at the termination of the 
experiments did not reveal any evidence of re- 
generation of the patella in 5 of the 7 animals. In 
2 animals (B1, Bs) small dense masses were noted 
in the patellar tendon at the previous site of the 
apex. Two joints (B6, B7) showed definite rare- 
faction and irregularity of the femoral condyles. 
The irregularity was mainly at the previous site 
of the patella. The remainder of the joints showed 
no articular abnormalities (see Fig. 1). 

Histologically all the joints evinced definite 
degenerative changes of the articular surfaces. 
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Fig. 6. Total patellectomy in young rabbits. Photo- 
micrographs illustrating types of osseous masses found in 


The findings consisted of vascularization, Weich- 
selbaum lacunae, and nuclear changes. The ma- 
jority of the sections revealed irregularity of the 
articular margins. Many areas of excavation or 
complete denudation of cartilage were found. A 
constant observation was a fibrous stratum over- 
lying the hyaline cartilage, which was not observed 
in any of the controls. The articular changes were 
situated mainly, but not exclusively, in the pa- 
tellofemoral region of the condyles (see Fig. 2). 

The tibial condyles were free from degenerative 
changes with the exception of infraction of the 
articular cartilage which was noted in several 
animals. 

Group II. Partial patellectomy in adult rabbits. 
These animals did not exhibit any aberrations of 
function clinically. No attempt to favor the 
operated limb was observed. 

On x-ray examination it was noted that the 
patella was situated somewhat more proximally 
than the control extremities. The apex of the 
patella in each instance was rounded instead of 
pointed as it is normally, and was less dense than 
the undisturbed portion of the patella. In several 
animals the demarcation between the old and the 
regenerated portions of the patella could be seen. 
With the exception of one animal (B13) no articu- 
lar changes were found. However, almost all the 
animals showed what appeared to be bony pro- 
liferation at the proximal end of the femoral 
condyles opposite the location of the patella 
(see Fig. 3). 

Microscopically the articular changes were much 
less evident than in the group of complete patel- 
lectomy. The only consistent finding was a fibrous 
stratum covering the femoral condyles. One 


animal (Bg) showed early vascularization with 
cellular proliferation of the femoral articular car- 
tilage. Areas of excavation in the proximal portion 


None of the 


patellar tendon (B2oR, X37); B21R, X74). 
masses contained marrow spaces. 


of the condyle were noted in 3 animals of this 
group (B12, B13, B14). These areas, however, 
were not as extensive as those found in Group I. 
The tibial condyles were essentially negative in 
all sections (see Fig. 4). 

Study of the patellae did not reveal any striking 
distinctions between the old and the regenerated 
portions. The latter, however, consisted of less 
dense adult bone. No callus tissue or young bone 
was found in any of the sections. The lower pole 
was not covered with hyaline cartilage; it was 
surrounded by dense fibrous tissue (see Fig. 4). 

Group IIT. Total patellectomy in young rabbits. 
It was not possible clinically to ascertain any 
weakness, limp, or loss of function of the extremi- 
ties operated upon, with the exception of one 
animal which used the right leg very poorly. This 
animal was discarded from the series. The pro- 
pulsive power of the patellectomized leg was ap- 
parently equal to that of the extremity not 
operated upon. 

Small shadows with bone-like appearance in the 
patellar ligament were noted on the roentgeno- 
gram of each animal in this group. They ranged in 
number from 3 to 5 and varied somewhat in size. 
No instance was found, however, of an attempt to 
reform a mass resembling a patella. It is note- 
worthy that the animal which obviously had a 
very poor result immediately after operation and 
used the leg very little showed but a single small 
shadow in the patellar ligament. No articular 
changes or rarefaction of the condyles were ob- 
served in this group (see Fig. 5). 

The only positive histologic finding was a thin 
fibrous stratum covering the femoral articular 
surfaces. This layer was somewhat narrower than 
that noted in the corresponding adult series. The 
cartilage was otherwise essentially negative. There 
were no abnormalities of the tibial articulation. 
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TOTAL AND PARTIAL PATELLECTOMY 
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B25L B25R 

! Fig. 7. Partial-patellectomy in young rabbits. Roentgenograms of knee joints illus- 
. trating high position of the patella and rounding of the apex. Note shadows resembling 
' bone in the patellar tendon. Control extremities marked “L”; extremities operated 
é upon, “R.” 


The masses of bone noted on the roentgeno- were located in the quadriceps tendon at the site 
grams were found on histologic section. They of patellectomy. They were buried in fibrous tis- 
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B22R 
Fig. 8. Partial patellectomy in young rabbits. Photo- 
micrographs showing offset between old, O, and regener- 


sue and did not resemble normal bone. None of 
the osseous masses contained marrow spaces (see 
Fig. 6). 

Group IV. Partial patellectomy in young rabbits. 
The clinical results in this group were comparable 
to those of the other series of experiments. As in 
the previous experiments no differences between 
the operated-upon and control extremities were 
apparent. 

On roentgenographic examination no definite 
articular changes of either the femoral or tibial 
condyles were found. In each instance the patella 
was situated somewhat more proximally than in 
the control. A similar finding was noted in the 
adult series. The distal pole of each patella was 
rounded instead of pointed as is found normally. 
The apex was also less dense than the undisturbed 
portion. Six of the 7 knee joints showed small 
shadows with bone-like appearance in the patellar 
tendon, resembling those observed in the complete 
patellectomy series (see Fig. 7). 


Fig. 9. 
patellar tendon (X37). 





Photomicrograph of osseous mass found in 


tn 





ated, RE, portions of patella. Note differences in articular 
covering of these regions (B22R, X37; B25R, X25). 


Histologic study did not reveal any changes of 
the femoral or tibial articular surfaces. Regener- 
ation of the patella was noted as observed on the 
roentgenograms. A step-like offset marked the 
previously undisturbed from the regenerated por- 
tions of the patella. The latter was not covered 
with hyaline cartilage; the articular surface con- 
sisted of dense fibrous tissue. The structure of the 
regenerated areas was composed of mature lamel- 
lated bone. No callus tissue or young bone was 
found. The hyaline articular cartilage of the 
patella did not reveal any pathological changes 
(see Fig. 8). 

The small shadows which were observed in the 
patellar tendon on the roentgenograms were osse- 
ous masses. They were constructed of mature 
bone and were buried within the patellar tendon 
(see Fig. 9). They were found only in areas which 
were the sites of the surgical intervention. In one 
animal an osseous nodule was noted where a De- 
knatel suture was still present (see Fig. 10). 








Fig. 10. Bone formation, BF, in patellar tendon at site 
of persisting Deknatel suture, D (X37). 
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Fig. 11. Photomicrograph of representative control 
section (3). Q, Quadriceps tendon; P, patella; FC, femoral 
condyle; PT, patellar tendon; CL, cruciate ligament; 
T, tibia. 


Quadriceps muscle. Histologic study of the 
quadriceps muscle revealed no atrophic changes. 
ANALYSIS OF STUDY 

The data obtained from the experiments on 
complete patellectomy in the rabbit indicate that 
this procedure results in definite pathologic 
changes of the articular cartilage. These changes 
are interpreted as degenerative arthritic (osteo- 
arthritis) in nature. The degenerative findings are 
much more marked in the adult group than in the 
young in which the only change noted was a 
fibrous outer layer of the hyaline cartilage. 

The localization of the pathological process 
mainly along the patellofemoral surface of the 
femoral condyles suggests that the osteoarthritic 
changes are caused by friction of the patellar 
tendon against this region of the condyles. Once 
these degenerative changes occur, they are prob- 
ably progressive. 

It would, indeed, be surprising if complete 
patellectomy did not give rise to degeneration of 
the articular cartilage. Bennett and co-workers 
(4, 5) have shown that even “simple functional 
derangements such as patellar displacements lead 


COHN: TOTAL AND PARTIAL PATELLECTOMY 


Fig. 12. High-power magnification of patellofemoral 
surface marked on control section (X85). Note smooth- 
ness of articular surfaces and regularity of cellular arrange- 
ment. P, Patellar cartilage; F, femoral cartilage. 


to marked and typical changes”’ of osteoarthritis. 
Patellectomy is more than just a “‘simple functional 
derangement” of the joint since it disturbs the 
normal mechanics of the quadriceps mechanism. 

Although removal of the patella elicits degener- 
ative changes in the young animal, the findings are 
less marked than in the older subject. Articular 
cartilage in young specimens is more resilient and 
therefore more resistant to friction produced by 
the patellar tendon. It is logical to assume, how- 
ever, that if the younger animals were permitted 
to survive for longer periods, more advanced 
osteoarthritic changes would make their appear- 
ance. The end-result would be the same. 

The small osseous masses observed in the patel- 
lar tendon of 3 adult animals and in all animals of 
the young group in which total patellectomy was 
performed, could not be interpreted as an attempt 
at replacement of the patella as mentioned by 
Bruce and Walmsley. They appeared to be much 
too small to serve the previous function of the 
patella. In no instance did the structure of these 
bony nodules approach normal bone in the adult 
series. Furthermore, bony masses were also found 
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in the patellar tendon of several animals in the 
partial patellectomy series. It would be difficult 
to explain their appearance in this group solely on 
the basis of an attempt at patellar replacement. 
Areas of ossification in all groups most likely rep- 
resent metaplastic bone as the result of stress and 
strain on the surgically injured patellar tendon. 

Partial patellectomy in the adult animals re- 
sulted in a fibrous stratum of the femoral condyles. 
This finding may be explained upon the basis of a 
high-riding patella, interfering with the normal 
function of the quadriceps mechanism. Since the 
extremities were not immobilized after operation, 
the patellar tendor. did not become reattached at 
the point of suture. On the other hand, partial 
patellectomy in the young group did not evoke 
degenerative changes. This may be accounted for 
by the fact that in young animals the articular 
cartilage is more resilient and better able to absorb 
the trauma of the high position of the patella than 
it is in older animals. The experiments on partial 
patellectomy indicate that there is an attempt to 
restore the patella to its original size, both in the 
adult and immature rabbit. 

In interpreting the experimental data in rela- 
tion to the human subject, one must bear in mind 
the differences in the mechanics of the rabbit’s as 
compared to the human’s knee joint. These obser- 
vations, however, suggest that routine total patel- 
lectomy for fracture of the patella in the human 
may be folly. It is agreed that in severely com- 
minuted fractures of the patella it is purposeless to 
attempt to reconstruct the patella; traumatic 
arthritis is the inevitable sequela. The degree of 
traumatic arthritis in such instances would be 
much greater than the degenerative arthritis fol- 
lowing patellectomy. On the other hand, total 
removal of the patella in those cases of fracture in 
which a reasonable degree of anatomical reposi- 
tion can be attained, would appear to be definitely 
injurious to the joint. The protective value of the 
patella is obvious and is not considered here. 

Although complete patellectomy in an advanced 
osteoarthritic joint may give relief of pain and 
possibly improve joint function purely by remov- 
ing a mechanical obstacle, such a procedure may, 
in the final analysis, hasten the degenerative 
process which one has attempted to stay. This 
can be definitely ascertained in the human only by 
an accurate study over a long period of time. 
Roentgenographic interpretation alone of patel- 
lectomized joints will not suffice; gross and histo- 
logic examinations must also be made. The 
author’s experimental data reveal that histologic 
findings‘are much more marked than the roent- 
genographic findings in all instances. 
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SUMMARY 


1. Total patellectomy in the rabbit resulted in 
degenerative arthritis (osteoarthritis) of the tibio- 
femoral articulation. The pathologic changes 
were more marked in the adult than in the imma- 
ture animal. 

2. Partial patellectomy in the adult rabbit 
evoked early degenerative changes of the femoral 
condyles as manifested by a fibrous outer stratum. 

3. Partial patellectomy in the young animal 
did not produce articular changes (at least during 
the 12-month period of the experiments). 

4. No clinical aberrations of function were 
noted in either the total or partial patellectomy 
series. Histologic study of the quadriceps muscle 
did not reveal any atrophic changes. 


CONCLUSION 


At the present state of our knowledge it would 
appear that total patellectomy in the human 
should not be performed except in those instances 
in which such a procedure cannot be avoided. 
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A NEW STITCH FOR USES IN PARTIAL GASTRECTOMY 


H. H. SHOULDERS, M.D., F.A.C.S., Nashville, Tennessee 


HE stitch described here is new only in 

the sense that it is new in the field of 

surgery. In reality it is an adaptation 

to surgical uses of the stitch made by the 
ordinary domestic sewing machine. The sewing 
machine, it will be remembered, uses two threads. 
One is called the top thread and is carried by the 
needle. The other is called the bobbin thread 
and is carried in a shuttle. In making the stitch 
the shuttle is made to pass through a loop in the 
upper thread after the needle has passed down 
through the cloth or material. The two threads 
are thus locked, making a very strong seam. 

The adaptation of this to uses in the perfor- 
mance of gastrectomy is made in the following 
way: The effect of two threads is accomplished by 
using both ends of the gastroenterostomy suture. 
The suture is passed through the stomach wall 
just beneath the distal end of the Payr clamp a 
short distance from the upper border of the 
stomach, and tied. The end of the suture com- 
monly called the short end, is left long (about one- 
third the length of the ordinary Dulox suture). 
It now acts as a bobbin thread. It is held taut 
against the stomach wall just below the border of 
the Payr clamp and on the side that is in the vi- 
sion of the operator (Fig. 1). The needle is intro- 
duced from the opposite side and brought through 
and over the top of the bobbin thread and is 
passed back below the bobbin thread and through 
the same needle hole. The bobbin thread is thus 
placed in a loop of the upper thread. The two 
threads are locked as in the sewing machine 
stitch. The bobbin thread can be shifted up and 
down at the proper time by an assistant, so that 
a loop is formed over the bobbin thread without 
loss of time. This maneuver is continued all the 
way across the cut edge of the stomach, with the 
Payr clamp serving as a straight edge, until the 
two ends are tied around the opposite border of 
the stomach. 

The Payr clamp is then removed and the crush- 
ed portion of the stomach wall is excised (Fig. 2). 
It is safe to cut the tissue away very close to the 
suture line. This is facilitated by the fact that the 
suture line is straight. If caution is observed to 
keep both strings taut there will be no leaking 
through this suture line and no bleeding. One 


From the Department of Surgery, Vanderbilt University, 
School of Medicine, 


can then use whatever inversion stitch he pre- 
fers. Personally I have found one running stitch 
sufficient to make a strong closure of the stomach 
wall (Fig. 3). 

The same procedure is followed in closing the 
duodenum. The space between each needle hole 
should be much less in closing the duodenum than 
in closing the stomach because the wall is much 
thinner and more delicate. 

This same procedure can be followed in closing 
any portion of the severed stomach. For example, . 
in performing the Hofmeister procedure the clos- 
ure can be interrupted at any point and the two 
ends tied. A small Payr clamp is then applied to 
the unsutured portion of the stomach in any di- 
rection one may choose to apply it. An angle of 
45 degrees to the large Payr clamp will, in most 
instances, give a horizontal line of suture with the 
patient in the upright position. The size of the 
stoma will be adequate also. The large Payr clamp 
is then removed and the crushed portion of the 
stomach together with the uncrushed portion be- 
low the small Payr clamp is excised. The anasto- 
mosis to jejunum is facilitated by the fact that 
such a small amount of stomach wall is used in 
accomplishing a safe, firm closure. Inverted 
stomach is not protruding inward to interfere 
with the lumen and, later, to block the opening. 

I have used this stitch with a high degree of 
satisfaction. Dr. Barney Brooks, professor of 
surgery, Vanderbilt University, has used it also, 





Fig. 1. The application of the suture. It will7be noted 
that the needle is passed back through the stomach wall 
through the same needle hole after a loop is formed over 
the bobbin thread. The suture line is farther away from 
the clamp in the illustration than it is in actual use in 
order to accentuate the suture. 
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Fig. 2. The crushed portion of the stomach being excised. 
Note that the stomach wall on each side of the suture line 
presents a rolled appearance. This facilitates the placing 
of the inversion suture. 


with satisfaction, not only in gastrectomy, but in 
closing the end of colon or small intestine in in- 
stances where a lateral anastomosis is to be per- 
formed. He has encouraged me to make this 
publication of it. 

The advantages of the suture are as follows: 

1. It accomplishes complete hemostasis. 

2. It prevents any leakage. 

3. It makes possible removal of the crushed por- 
tion of stomach and duodenal walls. This, in turn, 
facilitates the application of the inversion suture. 


Fig. 3. The ordinary running suture which can be applied 
with precision and speed. In addition, this stitch makes a 
very firm closure. Hemostasis is no longer a matter of 
concern, 


4. It prevents crushed stomach or duodenal 
wall from becoming involved in the inversion 
suture in any way. 

5. Asmall amount of tissue is used in effecting a 
strong closure. A short duodenal stump can be 
safely closed without difficulty. 

6. It avoids the presence of crushed stomach 
wall within the cavity of the stomach after the 
operation is completed. 

7. It makes for precision in suturing which is 
always an aid to prompt healing. 
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ADENOCARCINOMA WITH CLEAR CELLS 


(HYPERNEPHROID) OF THE OVARY 


OTTO SAPHIR, M.D., and JULIUS E. LACKNER, M.D., F.A.C.S., Chicago, Illinois 


HERE is probably no organ within the 

body in which so many distinct tumor 

entities are recognized as in the ovary. 

Schiller recently reported a new type of 
tumor, adding one more to the many already 
known, a tumor supposedly mesonephric in origin 
which he termed mesonephroma. The possibility 
of a mesonephric origin for certain ovarian tumors 
was considered because embryologically the 
gonads and the wolffian body develop in very 
close proximity. This is particularly true in in- 
stances in which the genital grooves are located 
more peripherally, and the gonads are closer to 
the mesonephros. Inclusion of mesonephric ele- 
ments in the ovary theoretically at least could 
occur in the latter instances. The characteristic 
features of supposedly mesonephric tumors are 
glomerulus-like structures and a complex system 
of cystic cavities lined by a layer of cells similar 
to those lining the Bowman’s capsule, in which, 
however, the capillary tuft has failed to develop. 
The glomerular tufts in these tumors may also be 
distorted by the proliferation of accessory capil- 
lary loops or by abnormality in their size. Schiller 
also stated that, since the mesonephros gives rise 
to renal tubules, it would be logical to assume 
that analogous tumor formations are represented 
in the mesonephroma. However, tubules are very 
rarely encountered in these tumors. This is ex- 
plained by the absence of the physiological stimu- 
lus which is present in organized embryonic tissue. 
Since the mesonephric vesicles normally empty 
into the wolffian duct, while misplaced meso- 
nephric structures and tumors arising from these 
tissues do not, the stimulus normally present for 
the formation of duct structures in misplaced 
mesonephric tissue is absent. Hence, it is con- 
cluded that the growth of tubular structures is 
generally in abeyance. 

There is a well recognized, though rarely en- 
countered, yellow tumor of the ovary which 
produces clinical signs of masculinization. This 
tumor is believed by many investigators to arise 
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from misplaced suprarenal cortical cells within 
the ovaries and is termed hypernephroma, though 
some disclaim such an origin and think it more 
likely that these tumors arise from luteinized 
granulosa cells and therefore speak of lutein cell 
tumors. The most significant argument against 
the assumption that the so called hypernephroma 
of the ovary arises from misplaced suprarenal 
cortical structures is based upon the fact that, 
whereas these ovarian tumors are linked with 
masculinization, similar tumors arising in the kid- 
ney do not produce alteration of the secondary 
sex characteristics. For this and other reasons 
many of the yellow tumors arising within the 
kidneys are not considered to originate from mis- 
placed suprarenal cortical structures but to arise 
from the kidney tubules. Therefore, these tumors 
in the kidney are not called hypernephromas but 
hypernephroid tumors (carcinoma), thereby im- 
plying that, though they resemble suprarenal 
tumors, they do not arise from suprarenal cells. 

In the following, attention is directed to an 
ovarian tumor which is bright yellow, malignant, 
and composed of epithelial cells, microscopically 
different from either lutein cell tumors or true 
hypernephromas, and which produces no change 
in the secondary sex characteristics. This tumor 
is thought to arise from persistent tubular struc- 
tures of intra-ovarian mesonephric structures and 
is apparently similar to the hypernephroid car- 
cinoma of the kidney, or, to use a more current 
nomenclature, adenocarcinoma with clear cells of 
the kidney. Two tumors of this type have come 
to our observation. Because of the rarity of these 
tumors and because it is hoped that the report of 
these tumors may serve to clarify some of the 
controversial questions concerning so called hy- 
pernephromas and masculinizing yellow tumors 
of the ovaries, it was believed that a report of 
these tumors might be of interest. 

CasE 1. Only the most relevant findings are noted. A 
46 year old female complained of an abdominal mass of 
5 months’ duration, frequency of urination and inconti- 
nence. Iive and one half years previously her uterus had 
been removed for “fibroids.” She had lost about 50 pounds 
during the past 2 years. Physical examination revealed a 
poorly nourished female, not acutely ill. ‘Temperature was 
98 degrees F.; pulse 104 per minute, and arterial blood 
pressure, 128/80. Hair distribution was normal. There 
was no evidence of change in secondary sex characteris- 
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Clear cell adenocarcinoma (hy pernephroid car- 
Note the attempts at glandular 
Iron-hematoxylin- 


Fig. 1. 
cinoma) of the ovary. 
formation, and the clear lining cells. 
eosin preparation; X60. 


tics. A large, firm, slightly movable, non tender mass ex- 
tended from the symphysis almost to the level of the 
umbilicus. At laparotomy the left ovary was found to be 
firm, enlarged, and adherent to the bowel and urinary 
bladder. The right ovary was also enlarged, measuring 
about 5 centimeters in greatest dimension. The post- 
operative course was stormy with elevation of temperature 
to 103 degrees, and death from peritonitis occurred 3 
days after operation. 

On examination the left ovary was found to consist of a 
semifirm mass weighing 800 grams and measuring 15 
centimeters in greatest diameter. Projecting from the 
external surface were nodules which were firm and cov- 
ered by a pinkish-gray capsule, continuous with the ex- 
ternal surface of the remainder of the mass. Much fat 
tissue and pieces of fibrous tissue were attached to the 
capsule. In one area. devoid of capsule the external sur- 
face was somewhat fibrillar and gray. A small cyst was 
recognized at one pole of the mass. On section it was 
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Fig. 3. Clear cell adenocarcinoma (hypernephroid car- 
cinoma) of the ovary. Note the circumscribed accumula- 
tions of tumor cells completely filling a cystic space. 
Iron-hematoxylin-eosin preparation; X 120. 





Fig. 2. Clear cell adenocarcinoma (hypernephroid car 
cinoma) of the ovary. Note the invasion by masses of 
tumor cells which show a clear cytoplasm. Iron-hematoxy 
lin-eosin preparation; X 1ro. 


found that most of the mass consisted of a soft, friable, 
greenish-yellow tumor which here and there presented a 
few translucent regions and areas of hemorrhage and 
necrosis. When a number of sections were cut from the 
tumor, a few varying sized cystic structures were en 
countered which were lined by smooth and glistening mem- 
branes and which apparently were not related to the tumor, 
The right ovary consisted of a decompressed cystic struc- 
ture, measuring 12 centimeters in length, the inner lining 
of which was pinkish-gray, smooth and glistening. 

The more important findings at autopsy were as follows: 
The distribution of hair conformed to the normal female 


habitus. The trunk and extremities were likewise of 
normal female configuration. When the abdominal 


cavity was opened 800 cubic centimeters of cloudy, blood 
tinged fluid was noted. The peritoneal surfaces were dull 
or hemorrhagic and were covered with fibrin, and in the 
pelvic peritoneum a few firm, obvious tumor nodules not 
exceeding 3 to 4 millimeters in diameter were present. 
These were yellowish and contained a few foci of hemor- 
rhage. The peritoneal and retroperitoneal lymph nodes 
were enlarged, firm, and replaced by grayish-yellow tumor 
tissue. 

Histologic examination: Ovary—Many sections of the 
ovary showed large areas of necrotic débris in which masses 
of epithelial cells were noted. In many fields these cells 
showed no particular arrangement. In some places they 
diffusely infiltrated the surrounding tissue and occasion- 
ally were arranged in groups well surrounded by a moder- 
ate amount of newly formed connective tissue. In other 
sections the cells showed either a tendency toward forma- 
tion of glandular structures or actual glandular structures. 
Most of the cells showed a clear cytoplasm with an eccen- 
trically situated, vesicular nucleus. Occasionally the 
cytoplasm was stained slightly pink. Where the glandular 
structures were more pronounced, the cytoplasm was 
reddish. However, a sudden transition between cells 
showing clear and reddish cytoplasm was often encoun- 
tered. Here and there the cells were arranged in the form 
of small papillae extending into the glandular lumen. The 
cells often varied in size, but usually were polyhedral in 
shape. The nuclei were round and showed an occasional 
mitotic figure. The chromatin of the nuclei was diffusely 
distributed, very delicate, and sometimes punctate. Ac- 
cumulations of the cells were found in small veins. There 
were many foci of recent and old hemorrhages and necrosis. 
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Sections from the metastatic nodes showed cells similar to 
those here described. Here and there the cells were 
arranged in palisades. In sections of the lymph nodes the 
anaplasia of the tumor cells was much more pronounced 
than in the ovary. Sudan III stain for fat revealed numer- 
ous small fat droplets in tumor cells. The Best carmine 
stain for glycogen in tissue removed at postmortem and 
iixed in absolute alcohol revealed red granules throughout 
the cytoplasm in a number of cells. 


In summary, a yellow, malignant tumor with 
foci of hemorrhage and necrosis was found in a 
40 year old female who had shown no sign of 
change of secondary sex characteristics and who 
died of peritonitis following operation. The out- 
standing histologic features were the presence of 
malignant epithelial cells with clear cytoplasm 
similar to those seen in hypernephroid carcinomas 
of the kidney. 


CAsE 2!, A 60 year old white female developed attacks 
of severe pain 15 hours before admission to the hospital. 
The past history was completely irrelevant. The meno- 
pause had occurred 5 years previously. There was no 
metrorrhagia. Physical examination revealed a mass in 
the left lower abdomen about the size of a large grapefruit, 
firm and movable. Bimanual examination disclosed that 
the mass was movable with the cervix. Temperature, 
respirations, and pulse were normal. At operation a large 
tumor was found which replaced the left ovary and was 
adherent to the rectosigmoid. The right ovary was cystic. 
A supracervical hysterectomy and _ bilateral salpingo- 
oophorectomy was performed. The patient made an un- 
eventful recovery and left the hospital 14 days after the 
operation, 

On gross examination it was noted that the specimen con- 
sisted of a uterus amputated above the cervix with at- 
tached fallopian tubes and ovaries. The uterus measured 
4 centimeters across the fundus and 4 centimeters in 
length. Projecting subserosally in its posterior wall was a 
myofibroma measuring 6 by 9 centimeters. The endo- 
metrium was smooth and velvety. The myometrium con- 
tained several myofibromas measuring up to 2 centimeters 

'We are indebted to Drs. Siegfried and Herman Strauss for the clinical 
data. 
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Fig. 4. Clear cell adenocarcinoma (hypernephroid car- 
cinoma) of the ovary. Higher magnification of a field 
shown in Figure 1. Iron-hematoxylin-eosin preparation; 
X140. (Note: The two tumors shown in Figures 1 to 4 did 
not produce masculinization.) 


in diameter. The right fallopian tube was patent. Numer- 
ous translucent cysts, measuring up to 0.5 centimeter in 
diameter, were present subserosally. There were dense, 
fibrous adhesions between the uterus and both ovaries. 
The right ovary measured 2 by 3.5 centimeters and con- 
tained a cyst measuring 1.8 centimeters with a smooth 





Figs. 5 and 6. Clear cell adenocarcinoma (hypernephroid carcinoma) of the kidney. 
Iron-hematoxylin-eosin preparation. Figure 5, X 105; Figure 6, X 125. 
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tumor) of the ovary. Iron-hematoxylin-eosin preparation; 

130. (Note: This was a masculinizing ovarian tumor.) 


lining. The left ovary was replaced by a tumor, measuring 
17 by 17 centimeters, the surface of which was gray and 
fairly smooth. The elongated, patent left fallopian tube 
coursed over its surface. The tumor consisted of a cystic 
structure with a smooth, thin, grayish lining. In one area, 
extending into the lumen of the cyst, there was a large, 
solid, smooth tumor measuring 7 by 8.5 centimeters in 
greatest dimensions. On section the tumor was found to 
be partly firm and partly soft, coarsely granular and bright 
yellow with obvious areas of hemorrhage and necrosis. 
Histologic examination disclosed the following changes: 
Most commonly encountered were epithelial cells having a 
clear or lightly stained, pink cytoplasm and either darkly 
or lightly stained nuclei. The cells were square or poly- 
gonal. Often these cells, with hardly any recognizable 
stroma between them, entirely filled cystic spaces. There 
was an occasional capillary between the cells from which 
some of them seemed to arise. In other fields attempts 
at the formation of glandular structures or true glandular 
structures were encountered. The lining cells of these 
tubules were identical with those filling the cysts. Here 
and there the tumor cells were more compactly arranged 
in more or less circumscribed groups which bulged into 
cystic spaces. Capillaries were present between small rows 
of tumor cells. These structures somewhat resembled 
glomeruli, but nowhere could true glomeruli be demon- 
strated. Though it is obvious that the tumor cells had in- 
vaded ovarian structures to a great extent, mitotic figures 
were relatively infrequent, and anaplasia was not marked. 
In other fields many papilliferous projections and glandular 
structures were encountered, lined by tumor cells with clear 
or pink stained cytoplasm. The nuclei of these latter tumor 
cells, however, were identical with those of the clear cells. 
The large cyst described grossly was not lined with tumor 
cells. In only one area had the tumor invaded the cyst. 
Most of the ovarian tissue in the region of the tumor 
was replaced by tumor tissue. Areas of necrosis and 
hemorrhage were rather abundant, and throughout the 
section there was a rich infiltration of lymphocytes, plasma 
cells, and a few polymorphonuclear leucocytes. Some of 


the blood vessels contained recent thrombi, while others 
were invaded by tumor cells. 

Stains for the presence of mucin gave negative results. 
Sudan III stain revealed many lipoid droplets within the 
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tumor cells. Sections taken from tissues preserved in 
absolute alcohol and stained for the presence of glycogen 
(Best carmine) disclosed glycogen in the tumor cells. 


These two tumors are evidently similar in 
every respect. It is clear that they resemble 
closely those seen in the kidney and classified as 
hypernephroid carcinoma, sometimes also re- 
ferred to as renal carcinoma, adenocarcinoma with 
clear cells or malignant nephroma. As a matter 
of fact, several pathologists, not knowing that 
these sections were from an ovarian tumor, diag- 
nosed a kidney tumor. The most commonly 
accepted view is that such clear cell adenocar- 
cinomas are true kidney tumors and do not arise 
from misplaced suprarenal rests within the kid- 
ney. These tumors must be differentiated from 
true hypernephromas, which, if they exist at all, 
are very rare. As Karsner (2) stated, in order to 
identify a tumor as a true hypernephroma, it 
seems necessary to find tumorous elements, such 
as may arise from the suprarenal medulla, the 
ganglioneuroma, the sympathicoblastoma or the 
pheochromocytoma. The hypernephroid car- 
cinoma is characterized grossly by its yellow 
color and evidence of necrosis and hemorrhage. 
Histologically, the large cuboidal or polyhedral 
cells with their clear cytoplasm, which may con- 
tain fat or glycogen, are quite outstanding. Early 
invasion of veins is common in these tumors. It 
must be emphasized that there is not a single 
recognized instance on record in which such a 
kidney tumor had caused changes in the second- 
ary sex characteristics. 

As has already been stated, there are described in 
the literature yellow tumors in the ovaries which 
produce masculinization. These tumors are va- 
riously called luteinoma or lutein cell blastoma, 
hypernephroma and luteinized granulosa cell 
tumor. Recently the term virilizing lipoid cell 
tumor was employed by Barzilai. Karsner (3) 
stated that a tumor occurs in the ovary which 
looks like the cortical suprarenal adenoma and 
which is frequently but not invariably associated 
with masculinization. More recently such a 
tumor which did not produce masculinization was 
reported by van Kirk and Edwards. This tumor 
was called hypernephroma, and it was stated 
that its cytologic structure suggested a hyper- 
nephroma rather than a lutein cell tumor. His- 
tologically this tumor resembles closely the two 
tumors which we have just described and which 
we believe are “kidney tumors” in the ovary 
rather than suprarenal tumors and certainly not 
lutein cell tumors. They, therefore, should be 
designated either hypernephroid tumors (re- 
sembling suprarenal tumors) or adenocarcinomas 
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with clear cells following the nomenclature which 
is used in the case of autochthonous kidney 
tumors. 

Thus it is clear that there exist two different 
types of yellow ovarian tumors which mor- 
phologically resemble one another. The one which 
gives rise to masculinization is a true ovarian 
tumor. This is the lutein cell tumor (luteinoma, 
luteoma or luteinized granulosa cell tumor). Such 
a tumor has been previously described (4). In the 
case reported it was a soft, reddish-yellow tumor 
completely replacing the ovary. In many areas 
the cells of which the tumor consisted resembled 
those seen in the corpus luteum, while in other 
areas they resembled suprarenal cortical cells 
(See Fig. 7). Mitotic figures were seen very 
occasionally. There were many areas of necrosis, 
marked degenerative changes and hemorrhages. 
The tumor was richly vascularized. The patient 
had shown definite signs of masculinization which 
disappeared after removal of the tumor. It is 
evident that the two instances herein reported, 
though grossly resembling this tumor, are de- 
finitely different. Those yellow tumors which do 
not cause masculinization correspond to those 
encountered in the kidneys, but not in the su- 
prarenal glands. From the accompanying illus- 
trations, morphologic differences between these 
two tumors are apparent. 

These tumors cannot be classified as papil- 
liferous cystadenocarcinomas of either variety. 
They were not principally cystic, though occasion- 
ally papillary excrescences were noted. Stains 
employed for the detection of mucin gave nega- 
tive results. Though clear cells may be found in 
so called “‘seroanaplastic” carcinoma of the ovary, 
the marked cellular variation, many atypical 
mitotic figures and formation of cysts and papillae 
are characteristic of this tumor. It is interesting 
to note that there are, however, tumors of this 
type which, as Barzilai suggested, resemble mor- 
phologically mesonephric structures. It is thus 
possible that some of the tumors which are classi- 
fied as mesonephromas belong with those here 
reported and classified as hypernephroid car- 
cinomas. 

As has been stated, these two tumors histolo- 
gically are identical with those so commonly en- 
countered in the kidney. Though there is no 
proof, it may be suggested that they have the 
same origin as true kidney tumors. As mentioned 
Schiller maintained that there are tumors in 
the ovary which may have a mesonephric origin. 
A search for structures within the tumor which 
could be interpreted to our satisfaction as true 
glomeruli was fruitless. However, structures 
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somewhat resembling glomeruli were encountered 
here and there. As Simkins stated, the mesoneph- 
ric body produces an elongated ridge, the uro- 
genital fold, which separates into a mesonephric 
and a reproductive part in the 7 millimeter em- 
bryo. The degeneration of the mesonephros 
ceases in the 21 millimeter embryo. Thus, it is 
possible that during this period mesonephric 
structures may persist within the gonads and 
eventually give rise to tumor formation. It 
must be remembered that the mesonephrogenic 
masses differentiate caudally (Simkins) and form 
the true tubules of the mesonephric or wolffian 
body. As stated previously, though tubules are 
rarely found in the tumors described by Schiller 
as mesonephroma, from the above it is clear that 
embryologically the occurrence of a tumor arising 
from tubular structures, identical with those seen 
in the kidney, can easily be explained. 


SUMMARY 


Two yellow, obviously malignant tumors of the 
ovary are reported, which in no way are related 
to those producing masculinization. These tumors 
were identical with carcinomas occurring in the 
kidneys. Such tumors, when encountered in the 
kidney, are designated either adenocarcinoma 
with clear cells or hypernephroid carcinoma (re- 
sembling suprarenal cortical structures). The 
same nomenclature should be applied to the 
identical tumors described here in the ovary. 
The mode of origin of such tumors in the ovary 
is discussed. 

From this investigation and from the literature 
it seems that two types of yellow ovarian tumors 
must be distinguished, each presenting a different 
histological picture. One causes masculinization 
and is either a luteinized granulosa cell tumor and 
may be called lutein cell tumor, luteinoma, etc., 
or, if it arises from suprarenal cortical structures, 
it is called hypernephroma. The other tumor does 
not produce endocrine disturbances and arises ap- 
parently from mesonephric structures within the 
ovary. This is the hypernephroid carcinoma or 
clear cell adenocarcinoma. 
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RECONSTRUCTION OF WOUNDS OF THE COLON 


CLIFFORD H. KEENE, M.D., F.A.C.S., Lt. Colonel, M.C., A.U.S., Wyandotte, Michigan 


EPAIR of major disruptions of the colon 
in soldiers returned from combat areas 
presents problems seldom encountered 
in civilian surgery. Repair is rendered 

complex by the presence of wounds other than 
those of the colon, wound sepsis, debility of the 
patient, unusual locations of fecal fistulas, and ex- 
cessive scarring. 

Colonic fistulas in wounded soldiers are of two 
origins. One group, comprising cecostomies or 
colostomies performed because of intestinal in- 
jury, is the more familiar. The most usual exam- 
ple is the double-barreled inguinal or transverse 
colostomy. In civilian practice, this group pre- 
sents no difficulty in repair because the surgeon is 
usually acquainted with the incident necessitating 
the primary surgical procedure and the anatom- 
ical and technical steps taken to accomplish the 
artificial anus. Military field records are neces- 
sarily brief, and the details of construction of a 
colostomy may be scant or absent. As illustrated 
in several of our cases, it is dangerous to assume 
that a standard procedure has been carried out. 
The stress of time on a battlefield often necessi- 
tates modification of a usual procedure. This as- 
pect must always be kept in mind by the surgeon 
repairing the wound. 

The second group is peculiar to military action 
and comprises those fistulas resulting from wounds 
of the colon. This group presents the more com- 
plex aspects. There is always considerable loss of 
bowel wall. The artificial anus may be anywhere 
on the abdomen, the back, the flanks, the peri- 
neum, or the thighs. The wound may be infected. 
The defecating colonic stoma may be withdrawn 
into the abdominal cavity and lost to sight. Gen- 
eral debility and extensive local scarring are usual 
resultants of this type of wound. 

Sixteen disruptions of colonic continuity have 
been under treatment at the Lovell General Hos- 
pital. Of these, the first 11 disruptions have been 
repaired for 3 to 6 months and can be evaluated. 
The procedures employed in these cases have been 
identical and comprise the material for this dis- 
course. We are continuing in the same fashion 
with all similar cases with no untoward results 
thus far. 

If a student in anatomy were given a cadaver 
with a disrupted colon and told to restore the 


From Lovell General Hospital, Ft. Devens, Massachusetts. 


bowel to anatomical continuity, he would proceed 
in the following fashion. He would open the ab- 
domen, mobilize the bowel ends within the perito- 
neal cavity, excise all scar tissue, restore the vis- 
cera to anatomical correctness, do a primary end- 
to-end anastomosis of the bowel loops, and close 
the wound. This is the simplest solution to the 
problem. This is what we have done. 

To accomplish this ideal and simple solution of 
bowel reconstruction, it is necessary to consider 
three aspects: (a) mobilization of the bowel, (b) 
anastomosis of the ends, and (c) closure of the 
wound. The line drawings depict the 11 colonic 
disruptions in 8 soldiers as they entered our 
hospital. 

Mobilization of the bowel. In several of the pa- 
tients (Cases 1, 4, 6), it was readily apparent that 
to approximate the bowel ends for any type of 
closure, it would be necessary to do an extensive 
intraperitoneal mobilization of the ends. In oth- 
ers, the external appearance of the colostomy 
seemed to warrant the use of a spur crusher and 
the conventional methods of closure. The use of 
a spur crusher is an excellent maneuver when the 
anatomy is a matter of record, and the surgeon 
can proceed with confidence. The necessity for 
crushing the spur of a colostomy prior to closure 
of the colon has been emphasized (3, 7, 13). The 
spur has been excised by some (6). 

In disruptions of the colon due to war wounds, 
the anatomy found after exploration of the loops 
has demonstrated the danger of any procedure 
other than one involving complete investigation 
of the area of the bowel involved. In Case 5, the 
bowel loops were rotated through 180 degrees 
with the loops approximated along the line of vas- 
cular supply. Crushing of the spur also would 
have crushed the blood supply with a sure result 
of gangrene or hemorrhage. In Case 2, approxi- 
mation of the loops along the vascular supply re- 
sulted from exteriorizing the ascending colon and 
cecum through a McBurney incision. In Case 6, 
the loops were sharply angulated laterally with 
adherent small bowel. 

Earlier writers dealing with operations upon 
the open colon have repeatedly warned against 
“opening the peritoneal cavity and spreading in- 
fection”’ (1, 2). Relatively recently, Rankin men- 
tioned that it is undesirable. This viewpoint has 
been modified by the use of the various sulfona- 


544 











oa iin lo a a eT 


= yy 





tv \e 


Se OO OS =| 


yon 
nst 
in 
en- 
has 
na- 





KEENE: RECONSTRUCTION 


mides (14). Poth and his associates have pointed 
out the increased safety of colonic surgery secured 
by preparation of the patient with succiny] sulfa- 
thiazole. The old contention that a colostomy 
provides peritoneal immunity to infection has 
been investigated by Coller, Ransom and Rife (4) 
who conclude that although previous operations 
on the colon do promote some degree of resistance 
to infection on the part of the peritoneum, it is 
not marked and of relatively short duration (little 
more than 1 month). They suggest that walling 
off of the peritoneal cavity by adhesions is prob- 
ably a more important factor in limiting peritoni- 
tis. The presence of extensive adhesions in our 
cases was a favorable factor. 

Anastomosis of the bowel ends. Primary anasto- 
mosis of the large bowel has received considerable 
attention in the literature of late. Metheny states 
that the principal cause of failure in the anasto- 
mosis of large bowel is gangrene caused by im- 
paired circulation at the suture line. He corrobo- 
rates the contention of Lockhart-Mummery that 
successful end-to-end anastomosis is possible only 
when the ends of the colon have been cut to form 
an angle of 45 degrees at the mesenteric border to 
preserve the blood supply of the antimesenteric 
portion. Compliance with this postulation would 
result in an angle of go degrees between the loops 
of the anastomosis. The fulcrum of the angle 
being at the mesenteric attachment, greatest stress 
would be thrown on the antimesenteric sutures. 
The mechanical difficulties of this arrangement 
have been pointed out by Warwick. We have as- 
sumed that tissue which is living and healthy will 
heal if the hazard of infection is minimized. Con- 
sequently, colonic ends have been cut across at 
right angles to the longitudinal axis of the bowel 
prior to anastomosis. 

Closure of the wound. The closure of the abdom- 
inal wall in open colonic surgery has also received 
considerable attention in recent literature. As 
late as 1940, Pemberton and Black stated that 
“infections should be common in wounds after 
closure operations, because contamination from 
the colonic stoma at the time of operation cannot 
be avoided.” 

Coller and Valk (5) pointed out the high de- 
gree of successful healing possible when thera- 
peutic colostomy wounds are packed open with 
vaseline gauze for 24 hours. We have adopted 
their method with the exception of waiting 48 
hours instead of only 24 before tying the previous- 
ly inserted silkworm-gut sutures. This was done 
because of the lower degree of resistance to infec- 
tion believed to exist in the extensive scar tissue 
we were usually handling. In addition, we used 
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crystalline sulfonamide in the wound. Pemberton 
and Black (9) also used the delayed method of 
closing colostomy wounds with success. 

Coller and Valk (5) ascribe success in the de- 
layed closure of contaminated wounds to the ob- 
servation that fibrin exuded from the wound 
edges has been coagulated “so that when the 
wound surfaces are brought together, a more un- 
favorable environment is present for the bacteria 
in the wound.” 

The 8 cases herein presented have all had suc- 
cessful primary intraperitoneal end-to-end anasto- 
mosis of serious colonic disruptions and primary 
healing of wounds by delayed closure. Case sum- 
maries are presented. Details of preparation and 
operation were all the same except where men- 
tioned and are discussed in detail later. 


CasE 1. Private First Class, aged 23 years, received mul- 
tiple machine gun bullet wounds of the chest and abdomen 
at close range on February 26, 1943. The most severe dam- 
age was sustained in the left upper quadrant, resulting in 
an almost complete disruption of the transverse colon. A 
colostomy was established at the site of injury and was 
complicated by the formation of a huge abscess, which sub- 
sided after drainage. 

On June 24, 1943, he was received at Lovell General 
Hospital in fair condition. About half of the feces were 
passing per rectum. Much of the left upper abdominal wall 
was replaced by hypertrophic rigid scar centered about a 4- 
centimeter opening discharging feces and in which colonic 
mucosa was visible (Fig. 1). The scar for 3 or 4 centimeters 
surrounding the fistulous opening was red, tender, and 
weeping a thin purulent exudate. Further examination dis- 
closed that the transverse colon was in continuity in its 
mesenteric half but a large defect due to loss of substance 
was present in the antimesenteric wall. Adherence to the 
scarred anterior abdominal wall had partially plugged this 
considerable defect, leaving the fecal fistula as described. 
The distal colon was patent. The wounds in other portions 
of the body had healed. 

The colon was repaired on July 7, 1943 with primary 
healing of the bowel. The defect was so large that in effect 
an end-to-end anastomosis was done, On the third day 
after operation, the soldier started himself on a low residue 
diet and bowel movements began on the fifth day. The 
low grade infection in the scarred upper abdomen promptly 
subsided so that at the time of tying the silkworm-gut su- 
tures, the wound looked quite clean. On the tenth and 
twelfth day after operation, the silkworm-gut sutures were 
removed. A thin, purulent discharge persisted from the 
angle of the wound until the fourteenth day but the wound 
healed solidly and cleanly. Bowel function continued nor- 
mal, There was occasional vague transient upper abdom- 
inal distress, The soldier gained 25 pounds in the next 2 
months, Barium enema on September 10, 1943 visualized 
a normal colon, The soldier was discharged from the hos- 
pital on September 21, 1943. 

CAsE 2. Private, aged 27 years, wounded in combat in 
North Africa on April 1, 1943. Shell fragments tore a 3- 
inch by 3-inch wound in the left femoral triangle, then 
passed upward lacerating the bladder and sigmoid colon, . 
and fracturing the ramus of the pubis. Within 12 hours, 
the badly lacerated sigmoid colon was exteriorized as a 
colostomy and the bladder was repaired. A total urinary 
fistula developed in the left groin. Some feces continued to 
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Fig. 1. Case 1. A, Loss of anterior wall of colon; B, 
fecal fistula; C, area of rigid weeping scar in the abdominal 
wall. 


pass distal to the colostomy stoma into the bladder, prov- 
ing the existence of a rectovesical fistula. On April 12, a 
loop of ascending colon and cecum was exteriorized on the 
right side of the abdomen and suspended by a bridge of 
skin. This loop was transected in 48 hours. A severe, 
purulent cystitis with persistent ston®T@rmation and pelvic 
cellulitis complicated the picture. The clinical course was 
stormy. 

On admission to Lovel] General Hospital on September 
22, 1943, he was 69 inches tall and weighed 108 pounds, 
There was extensive scarring of the left inguinal region with 
a colostomy stoma lying flush with the skin in this region 
(Fig. 2). Feces were present in the rectum and in both 
loops of this colostomy. In the right middle quadrant of 
the abdomen was a 6-centimeter scarred opening of loop 
colostomy with prolapsed redundant cecal mucosa, A 
marked pyuria was present. X-ray films demonstrated 
large metallic fragments in the pelvis. No vesical fistulas 
or sinuses could be shown although there were multiple 
vesical calculi. 

On October 8, 1943, a transurethral removal of the vesical 
calculi was done. The sigmoid colon was re-established on 
October 22, 1943 and the ascending colon on November 18, 
1943. No spur was present in either situation. The right 
colon had been completely transected, the left was in- 
completely divided. End-to-end intraperitoneal anasto- 
mosis without clamps was done in both instances, The 
peritoneum was closed immediately, and the rest of the 
abdominal wall 48 hours later. The wounds healed pri- 
marily, with bowel function being established in 6 days, 

On January 25, 1944, the soldier had had a 30-day 
furlough; his weight was 140 pounds. His bowel function 
was normal. Barium enema demonstrated a normal colon. 
A slight pyuria was still present and under treatment. 

CAsE 3. Private First Class, aged 22 years, was wounded 
in combat in North Africa on ‘April 30, 1943. A large frag- 
ment of a high explosive shell passed through the left but- 
tock, perforated the rectum, and lodged in the right but- 
tock, The wounds were débrided the same day and the 
missile was removed, An extensive suppuration of the pos- 
terior left thigh developed, which necessitated incision and 
drainage from the buttock to the popliteal space on May 5s, 
1943. There was postoperative paralysis of the sciatic 
nerve, On May 21, a double-barreled sigmoid colostomy 








A, Stomas of the divided ascending 


Case 2. 
colon with prolapsed mucosa; B, area of rigid scar in ab- 
dominal wall; C, fecal fistula. 


Fig. 2. 


was done to divert the fecal stream, followed by local and 
general improvement. 

On July 30, 1943, the soldier reached Lovell General 
Hospital. He was 66% inches tall and weighed 110 pounds. 
A loop colostomy without a spur was present in the left 
lower quadrant (Fig. 3). The distal loop was packed with 
hard feces. There was extensive scarring of both buttocks 
about the anus. Anal sphincter action was good. Some 
firm scars were present in the lateral rectal walls 4 centi- 
meters above the mucocutaneous junction. A long granu- 
lating wound as wide as 6 centimeters extended from the 
middle of the left buttock to the inferior border of the left 
popliteal space. Sensory and muscular function of the left 
sciatic nerve was absent. 

The leg wound closed in slowly. The colostomy was 
closed on September 28, 1943. An intraperitoneal end-to- 
end anastomosis without clamps was done, The abdominal 
wall with the exception of the peritoneum was packed for 
48 hours, then closed. The wound healed primarily with 
the establishment of bowel movements in 5 days. 

On January 25, 1944, patient’s weight was 140 pounds. 
Barium enema visualized a normal colon. Exploration of 
the left sciatic nerve was done later. 

On April 1, 1944, 6 months after operation, his weight 
was 160 pounds. Barium enema and bowel function were 
normal, He was recovering from a repair of the sciatic 
nerve. 

Case 4. Private First Class, aged 21 years, on Novem- 
ber 17, 1942, while on Guadalcanal was struck by a Jap ma- 
chine gun bullet which entered his right flank, shattered 
the body of the third lumbar vertebra, and was ejected 
through the left flank. Much of the hepatic flexure of the 
colon and the posterolateral abdominal wall was carried 
away. The comminution of the vertebral body resulted in 
an immediate transverse myelitis. Heroic measures on the 
field with exteriorization in the left flank of the severed 
colon by clamps saved the soldier’s life, A violent clinical 
course ensued. The functioning stoma of the colon re- 
tracted into the abdomen with persistert abscesses forming 
in about the wound. The development of malaria, decubital 
ulcers, transfusion reactions and asthmatic seizures in this 
emaciated, paralyzed soldier presented additional problems 
to both the Army and Navy medical units which cared for 
him. 
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Fig. 3. Case 3. A, Incompleicly transected loop colos- 
tomy without spur was present in the left lower quad- 
rant. 


On August 7, 1943, he entered Lovell General Hospital 
as a complete litter patient. He was 68 inches tall and 
weighed 65 pounds. There was an incomplete motor pa- 
ralysis below the hips. A draining purulent sinus was pres- 
ent at the site of entrance of the bullet in the right flank. 
There was a long, healed, left upper rectus operative in- 
cision. The left lateral abdominal wall between the iliac 
crest and the costal margin was replaced by a concave mass 
of scar tissue (Fig. 4). Just above the iliac crest was a 
nicely formed proximal end of the distal colonic segment. 
At the base of the concavity of scar tissue was an irregular 
opening of a total fecal fistula. No colonic mucosa was vis- 
ible. A thick, purulent exudate constantly exuded from the 
site of fistula. It was ascertained that the distal end of the 
proximal colonic segment had retracted into the abdomen, 
resulting in the discharge of feces into a sizable chronic 
abscess cavity and then by fistula to the left flank. Con- 
trol of the bladder and anal sphincters was preserved. 
X-ray examinations of both segments of the colon found no 
disease except in the left flank. His temperature ranged 
between 99 and ror degrees. The patient was extremely 
uncomfortable with pain in the left flank, frequent slight 
chills, and asthmatic attacks. It was not possible to de- 
termine whether the purulent discharge into both flanks 
was due to osteomyelitis of the comminuted vertebra or 
whether the abscess in the left flank was draining along the 
entire course of the bullet wound. 

It was apparent that if the continuity of the colon could 
be re-established, the chronic suppuration of the left upper 
abdomen would subside and result in general improvement 
of the patient. He was prepared with irrigations of potas- 
sium permanganate, oral succinyl sulfathiazole, together 
with whole blood and plasma infusions, high protein diet, 
and vitamins. In addition, he was given sodium sulfa- 
thiazole for 72 hours before operation. 

On September 8, 1943, the left flank was explored. The 
distal end of the proximal colonic segment was found 5 
centimeters beneath the fecal fistula. Both colonic ends 
were mobilized within the peritoneal cavity and an end-to- 
end anastomosis was performed. It was fortunate that 
omentum could be brought down and the peritoneum was 
closed over the anastomosis. There was too little abdom- 
inal wall to anticipate a complete closure by the delayed 
method, Silkworm-gut sutures were inserted into what 
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Fig. 4. Case 4. A, End of colon defecating into intra- 
peritoneal abscess cavity; B, fecal fistula; C, intraperitoneal 
abscess; D, proximal end of distal loop on skin; £, scar. 


little was considered closable, and these were tied in 72 
hours. The rest of the wound was left open. The soldier 
did well, with the anastomosis holding and bowel move- 
ments being established on the 6th day after operation. 
Both flank wounds continued to drain pus but in steadily 
decreasing amounts, 

After 3 weeks, the clinical change was spectacular. Pa- 
tient’s appetite became voracious with an increase in 
weight of 14 pounds in 1 month, He demanded that he be 
helped to walk, The right flank sinus closed; the left con- 
tinued. In November, he was fitted with braces and could 
use a walker. Some muscular control returned in both 
thighs. 

On February 1, 1944, after a furlough, he weighed 104 
pounds, Barium enema visualized a normal bowel con- 
tour. Bowel habits were normal. Because the sinus in the 
right flank persisted, it was explored on February 21, with 
the removal of several foreign bodies. It is anticipated that 
when all foreign bodies are removed, the sinus will close. 
He is ambulant with his braces. 

CAsE 5. Sergeant, aged 21 years, was wounded in com- 
bat in North Africa on March 28, 1943. Shell fragments 
passed through the left upper thigh, traversed the rectum, 
and fractured the left sacroiliac joint and the right pubic 
bone. A compound fracture of the right tibia was also sus- 
tained. The soldier remained in a precarious condition for 
weeks with sepsis of all wounds and fever 105 and 106 
degrees. A double-barreled sigmoid colostomy was done 
on April 18, 1943, at which time extensive retroperitoneal 
hemorrhage was found, His course continued stormy with 
repeated large rectal hemorrhages and later a severe puru- 
lent pneumonitis. He began to improve in June. 

On admission to Lovell General Hospital on September 
22, 1943, he was 70 inches tall and weighed 124 pounds. 
Multiple, irregular, healed scars were found over the lower 
back and both buttocks. A small decubitus was present 
over the sacrum. Three sinuses extended deep into the 
substance of the left buttock. In the left lower abdominal 
quadrant were the prominent ends of transected loop of 
colon (Fig. 5). The ends were separated by a substantial 
bridge of skin and scarred abdominal wall. Feces issued 
from the inferior stoma and digital exploration found that 
the sigmoid colon had been rotated 180 degrees at the time 
of being exteriorized, The lower right leg was scarred, but 
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Fig. 5. Case 5. A, Proximal end of distal loop; B, bridge 
of skin; C, defecating stoma. Note: Attempt is made to 
show that the loops of bowel were inadvertently turned 
180 degrees. 


solid union of the fractures was evident. The sigmoid colon 
was reconstructed on October 14, 1943. Both loops were 
freed intraperitoneally, rotation was corrected, and an end- 
to-end anastomosis without clamps was performed. Four 
grams of sulfanilamide and sulfathiazole (75%-25%) was 
sprinkled in the abdomen. The peritoneum was closed i im- 
mediately and the abdominal wall after 48 hours. Healing 
occurred per primam and normal bowel movements began 
on the fifth day after operation. 

By February, 1944, patient was vigorously ambulatory, 
weighing 156 pounds, with normal bowel function. Barium 
enema visualized a normal colon. 

CaAsE 6. Private, aged 23 years, was wounded in combat 
in Sicily on August 11, 1943. Mortar shell fragments per- 
forated the left groin ’and sigmoid colon with wounds of 
exit in the left lower back. The sigmoid colon was exteri- 
orized in lower midabdomen at site of almost complete di- 
vision, 18 hours following injury. He developed a draining 
purulent sinus in'the left groin and iliac fossa and throm- 
bophlebitis of the left leg. 

On admission at Lovell General Hospital on September 
22, 1943, examination revealed an emaciated male, 66 inch- 
es tall and weighing 108 pounds. There was a large puru- 
lent draining sinus in dense scar tissue just medial to the 
left anterior superior iliac spine (Fig. 6). A granulating area 
3 centimeters in diameter was present in the left lower back 
just above the wing of the left ilium. In the midline of the 
lower abdomen, an irregular 5-centimeter colostomy stoma 
was present. Digital exploration found this to be a double- 
barreled affair with both loops angled acutely beneath the 
abdominal wall toward the left. Fecal contamination in 
and about the purulent sinus mouth was evident. There 
was marked induration and tenderness in the soft tissues 
of the left iliac fossa with disability of the hip. The hip 
joint was not involved. 

X-ray studies demonstrated fractures of the left ilium 
with multiple metallic fragments scattered throughout 
the left iliac fossa, Lipiodol injection of the purulent sinus 
found no connection with the intestine but extended deeply 
toward the ilium and lumbar gutter. There was no ob- 


struction in the colon distal to the colostomy. 
On October 8, 1943, the purulent sinus was explored, and 
bits of shrapnel and clothing deep in the iliopsoas muscle 
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Fig. 6. Case 6. A, Defecating stoma of double barrel 
colostomy; B, purulent sinus resulting from high explosive 
wound; C, distal loop of colon. Note: Both loops of bowel 
were sharply angulated to left beneath abdominal wall. 


were removed. Following this, the previously present fever 
subsided, the drainage decreased but did not entirely cease. 
The colostomy was closed on November 10, 1943. Both 
loops were dissected free in the peritoneal cavity and an 
end-to-end anastomosis without clamps was done. Con- 
valescence was uneventful with bowel movements begin- 
ning on the fifth day after operation. The wound healed 
per primam, the sutures were removed on the tenth day, 
and the patient was allowed out of bed on the twelfth day. 

On March 1, 1944, 110 days following closure of the co- 
lonic wound, a barium enema demonstrated a normal co- 
lon, the patient was up and about and weighed 124 pounds. 
There was only slight drainage from the left iliac fossa and 
slight disability of the left leg. 

CASE 7. Private, aged 22 years. On December 7, 1942 
while unloading a freighter in Iceland, soldier was strad- 
dling the gunwale of the boat with his right foot on the 
dock, A donkey engine backed into his right leg and the 
result was extensive, severe, deep lacerations of the peri- 
neum, rectum, and left groin with multiple compound frac- 
tures of the pelvis, and a severe crush injury of the right 
foot. On the day of injury, all wounds were débrided. He 
received sulfanilamide locally and sulfadiazine by mouth, 
and multiple blood and plasma infusions. A pelvic cellu- 
litis which developed was controlled by these measures, A 
left inguinal loop colostomy was done on January 9, 1943. 
He then gained enough to be evacuated to the Continental 
United States. 

On admission to Lovell General Hospital on April 2, 
1943, examination showed an emaciated white male, 66 
inches tall, weighing 110 pounds. There was an extensive 
granulating wound of the perineum, transecting the sphinc- 
ter ani, extending up into the rectum and into the left 
groin. An incompletely transected loop colostomy was 
flush with the skin level in the left lower quadrant of the 
abdomen (Fig. 7). The bowel distal to the colostomy was 
packed with feces. Most of the right foot was gangrenous 
and ulcerated. 

On April 28, 1943, a midcalf amputation of the right leg 
was done with satisfactory convalescence. Because of the 
continued discharge of feces into the perineal wound, a 
Devine exclusion colostomy was done in the transverse 
colon on July 26, 1943. Healing of the perineal wound 
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DEVINE COLOSTOMY 








Fig. 7. Case 7. A, Operative scar; B, distal loop of De- 
vine colostomy; C, defecating stoma of Devine colostomy; 
D, loop colostomy of sigmoid colon; E, scar and deformity 
of,anus and rectum due to wound. 


ensued and a plastic repair of the rectal sphincter was done 
on October 20, 1943. On December 8, the left sigmoid 
colostomy was closed and on December 30 the transverse 
colon was reconstructed, Both colostomies were closed by 
an intraperitoneal end-to-end anastomosis without the use 
of clamps. Operative incisions were closed 48 hours after 
completion of the bowel procedure. All wounds healed 
per primam, 

On February 25, 1944, the soldier was up and about with 
normal function of the bowel and anal sphincter, X-ray 
films demonstrated a slight constriction in the transverse 
colon at the previous site of the Devine colostomy. No 
symptoms of bowel dysfunction were present. 

Case 8, Sergeant, aged 31 years, developed symptoms 
of intestinal obstruction on June 24, 1943, while in a com- 
bat area, On June 29, a cecostomy was done, at which time 
a napkin ring carcinoma of the sigmoid was found. He was 
transferred to this country by airplane and en route the 
tube came out of the cecostomy, and he again developed 
intestinal obstruction. 

Physical examination on August 7, 1943, when admitted 
to Lovell General Hospital, found an acutely ill white male, 
67 inches tall and weighing 137 pounds, The abdomen was 
moderately distended. There was a recent right rectus 
operative incision, and just to the right of the lower end was 
a small sinus draining a few drops of fecal material (Fig. 8). 
Flat x-ray plate of the abdomen was diagnostic of intes- 
tinal obstruction. 

After establishing fluid and electrolyte balance, a com- 
pletely transected loop colostomy in the transverse colon 
was done on August 9, 1943. The patient did well. Barium 
enema demonstrated a constricting lesion of the sigmoid. 
On September 6, 1943, a resection of the adenocarcinoma 
of the sigmoid colon was done with an end-to-end anasto- 
mosis. An intraperitoneal end-to-end anastomosis of the 
colostomy was done on September 23, 1943. Both wounds 
were closed in 48 hours by the delayed method with primary 
healing. X-ray films of the colon demonstrated a normal 
contour. Since no metastases were demonstrated, he was 
discharged from the hospital in late November to be re- 
examined every 3 months for 2 years. 
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Fig. 8. Case 8. A, Double barrel colostomy; B, obstruct- 
ing carcinoma; C, fecal fistula resulting from cecostomy. 
Loop colostomy in transverse colon followed by resection 
of carcinoma and end-to-end anastomosis of colostomy. 


PREOPERATIVE PREPARATION 

In general, a soldier is considered as a candidate 
for reconstructive surgery when he is gaining 
weight. To effect this end, we literally stuff the 
patient with a high protein red meat diet and 
supplementary vitamins. Blood and plasma trans- 
fusions are given, of course, when needed. We 
also give whole blood empirically as a stimulator 
to all patients prior to major surgery, regardless of 
the hemoglobin and plasma protein values. 

The anatomy and condition of the large bowel 
is investigated as completely as possible by roent- 
genography and endoscopic examination. All si- 
nuses are investigated by lipiodal injection and 
x-ray visualization. 

Both the afferent and efferent loops of bowel are 
irrigated daily with about a liter of 1:4000 potas- 
sium permanganate solution. This serves several 
purposes. It keeps the distal loop free of accumu- 
lated feces and mucus. Also, it tends to maintain 
tone and caliber of the distal bowel and of the 
anal sphincter. Great care must be exercised that 
all barium is immediately washed out of the distal 
loop following an x-ray examination. If this is not 
done, a concretion forms quickly which is difficult 
to remove by irrigation and, if left im situ, jeo- 
pardizes an anastomosis proximal to it. 

If the fecal fistula is feeding an infection of the 
abdominal wall (as in Cases 1 and 4), the use of 
an anterior Bradford frame to promote constant 
evacuation of feces and to eliminate the fecal poul- 
tice incident to a gauze dressing of a wound is 
invaluable. 
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When the general and local conditions are con- 
sidered favorable, we follow the advice of Poth 
and his associates (10, 11, 12) in the use of suc- 
cinyl sulfathiazole and a low residue diet for 8 
days prior to operation. The dosage of the drug 
is 0.5 grams per kilogram of body weight for 6 
doses, 4 hours apart. Following this, the dosage 
is reduced to 0.25 grams per kilogram of body 
weight given on the same schedule. We have used 
this plan in all large bowel surgery, in addition to 
the cases herein discussed, and have yet to note 
any untoward reaction. It is evident that the 
number of pills taken every 4 hours is surprisingly 
large. A 160-pound man would receive 12 tablets 
every 4 hours for 6 doses, then 6 tablets every 4 
hours. We do not expect the patient to ingest the 
entire dose in a short time but only require that 
all pills be taken by the time the next dose is due. 
No vigorous objections have been raised by the 
patients. 

These measures reduce the bulk of the feces and 
are said to reduce greatly the bacterial flora. We 
have not checked this last contention by colony 
counts on the feces. 

If wound sepsis is not eliminated prior to oper- 
ation, or extensive resection of scar tissue is an- 
ticipated, sulfadiazine is given for 48 hours before 
operation in quantity sufficient to have the blood 
level in the neighborhood of 10 milligrams per 
hundred cubic centimeters at the time of opera- 
tion. This is maintained as indicated after oper- 
ation by the use of intravenous 5 per cent sodium 
sulfadiazine. 

In the 24 hours prior to operation, only clear 
liquids are given. On the morning of operation 
ward personnel irrigate both loops of the colonic 
stoma with the permanganate solution, until clear. 


PROCEDURE IN THE OPERATING ROOM 


The anesthetic used in all cases was inhaled 
nitrous oxide-ether and oxygen. 

With the patient anesthetized, the operative 
field is scrubbed with soap and water. The colos- 
tomy loops are then irrigated meticulously with 
soapy water aided by a blunt suction tip. Lavage 
with about 2000 cubic centimeters of sterile water 
follows. Gauze tampons on a black silk thread are 
placed in both the afferent and efferent bowel 
about 15 centimeters from the stoma. The oper- 
ative field is then prepared with alcohol, ether, 
and merthiolate, and draped. 

An incision in the skin completely encircles the 
colonic stoma, all skin being preserved, but the 
scar is excised. Fat and muscle can usually be 
freed from the bowel by blunt dissection with the 
handle of the knife. The placing of the index and 





middle fingers of the left hand into the loops fa- 
cilitates the procedure. 

The peritoneum is opened in the same fashion 
as is the skin. The anatomy of the area is investi- 
gated and restored to normal in so far as possible. 
The abdominal cavity proper is walled off from 
the operative field by warm, moist, saline packs. 

The edges of the colonic opening are then in- 
spected and the cuff of bowel wall, which usually 
reflects upon itself externally, is carefully straight- 
ened out. The serosal adhesions of the cuff are not 
strong and can be separated with ease. In this 
manner, 1 to 3 centimeters of wall can be salvaged 
on each loop, making a total of as much as 6 centi- 
meters for both loops. This is important in those 
cases in which extensive adhesions, scarring, or a 
lost segment of bowel make approximation of ends 
difficult. The adherent rim of skin and immedi- 
ately contiguous epiploic appendages are removed. 

Attention is then paid to the mesentery and 
the mesenteric side of the colon. Adhesions with 
approximation of the afferent and efferent loops 
are usually present whether or not they were 
planned by the previous operator. The normal 
redundancy of the mesentery and bowel is re- 
stored in so far as possible. 

If the colonic wall is continuous on the mesen- 
teric side, this is left undisturbed unless a rigid 
eminence of scar is present. Scar in the bowel wall 
or the immediate mesentery is excised. Also, if 
there is a discrepancy of more than 2 centimeters 
between mesenteric and antimesenteric colonic 
walls, the bowel is transected completely and the 
discrepancy is corrected. This is done to prevent 
possible obstructive buckling of the mesenteric 
wall when it accommodates itself to an anti- 
mesenteric side shortened by loss of substance 
and by closure. The edges of the open bowel are 
freshened by excision of as little as possible but 
by removing absolutely all scar. 

An end-to-end anastomosis is then done, a 
shallow running suture of No. oo chromic catgut 
being used on an atraumatic needle through al! 
layers of the colonic wall. This suture is a simple 
over-and-over type posteriorly and a Connell an- 
teriorly. The gauze tampons are removed prior 
to setting the last of the Connell sutures. Mul- 
tiple interrupted mattress sutures of fine silk or 
cotton through the serosa, inverting about another 
millimeter or two, are then placed. Rents in the 
mesentery are repaired. 

The laparotomy packs are removed and the 
bowel dropped into the peritoneal cavity. Four 
grams of sulfanilamide crystals are scattered 
about the operative field. The omentum is pulled 
down if possible. The peritoneum is closed with a 
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continuous suture of chromic zero catgut. The 
transversalis fascia and the posterior rectus sheath 
or the transversalis muscle may be closed by 
means of interrupted sutures of the same material. 
Silkworm-gut sutures are then placed through the 
entire abdominal wall external to the peritoneum 
but are not tied. Two more grams of sulfanila- 
mide are rubbed into the wound. The wound is 
then packed open with a single layer of wiped 
vaseline gauze next to the wound layers and re- 
enforced with dry gauze. 


POSTOPERATIVE CARE 


Nothing is given by mouth for 48 hours except 
a few ice chips. Water and electrolyte balance are 
maintained by intravenous infusions. Wangen- 
steen suction has not been necessary in any in- 
stance nor has a rectal tube. Sedation is given as 
needed, but discomfort has been only moderate. 

At the end of 48 hours, the dressing is changed. 
The packing is removed from the wound and the 
silkworm-gut sutures are tightened and tied. This 
procedure can usually be done with no anesthesia 
other than a hypodermic of morphine. 

Water is given in small amounts on the third 
day and clear liquids ad libitum on the fourth day. 
Mineral oil, 30 cubic centimeters twice daily, is 
also begun on the fourth day. On the fifth day, 
the low residue diet is resumed to continue to the 
tenth day; the patient is then given a general diet. 

Defecation has occurred consistently on the 
fifth to seventh days. The sutures are removed 
on the tenth postoperative day and the patient is 
allowed up on the twelfth. 

We have consistently been surprised at the 
large amount of sero sanguineous discharge on the 
dressings 48 hours after operation when we have 
left an apparently dry wound. This observation 
leads us to believe that a prime reason for the suc- 
cess of the delayed closure of the abdominal wall 
is the elimination of this seepage, which must also 
occur to some extent in a closed or inadequately 
drained wound. A clean wound, without the pres- 
ence of scar and without the irregularity of tissue 
approximation resulting from the excision of scar, 
has a minimum of seepage to handle and does it 
adequately. A contaminated irregular wound can- 
not cope with so many deleterious factors. 


SUMMARY 


In 5 soldiers with single disruptions in continu- 
ity of the colon and in 3 soldiers with two disrup- 
tions bowel function was restored to normal. Five 
disruptions were due to battle wounds, the others 
being therapeutic colostomies for wounds and les- 
ions in the more distal colon. The disruptions 
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were repaired in all segments of the large bowel. 
Four of the disruptions were repaired in the pres- 
ence of serious infection and abundant scarring. 
All repairs of the colon were obtained by intra- 
peritoneal primary end-to-end anastomosis. The 
abdominal wall in each case (except Case 4), was 
closed by the delayed method with primary heal- 
ing in all. In addition to usual general measures, 
succinyl sulfathiazole by mouth, irrigation of the 
bowel loops with potassium permanganate solu- 
tion, intraperitoneal sulfonamide, and on occasion 
sulfadiazine have been used in the all important 
preoperative preparation of these patients. In 
only one instance (Fig. 8) was there any post- 
operative x-ray evidence of narrowing of the 
bowel lumen at the site of the repair, and this oc- 
curred following the reconstruction of a Devine 
type colostomy. In no instance was there evidence 
of leak at the site of the anastomosis. Subjective 
bowel function has returned to normal in all. 


CONCLUSIONS 


1. The anatomy and resultant pathologic con- 
ditions of war wounds of the colon necessitate in- 
traperitoneal investigation of the colonic loops. 

2. With adequate and meticulous preoperative 
preparation, intraperitoneal primary end-to-end 
anastomosis of the disrupted colon can be accom- 
plished even in the presence of extensive scarring 
and serious infection. 

3. The delayed closure of contaminated abdom- 
inal wounds has promoted primary healing in all 
cases herein described. 
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A TECHNIQUE FOR ASEPTIC INTESTINAL ANASTOMOSIS 


D. LANG STEVENSON, F.R.C.S., Major, R.A.M.C., Shaftesbury, Dorset, England 


HE nature, severity, and multiplicity of 
war wounds in many cases make an em- 
phatic demand for as simple and rapid a 
surgical procedure as is consistent with 
maximum efficiency. The need for resection and 
anastomosis of bowel in modern war surgery is 
apparently relatively infrequent, but when a 
rapid resection with end-to-end suture does be- 
come necessary the following aseptic technique 
may be of value. In practice the anastomosis can 
be carried out as effectively and more rapidly than 
by the standard ‘“‘open” method. Of course, the 
additional attainment of an aseptic suture be- 
comes of less importance in a peritoneal cavity 
already contaminated by bowel perforation. 
TECHNIQUE 
The mesentery is dealt with first as usual and 
the silk ligatures along the free margin are left 
long and clipped with forceps. The bowel is 
crushed, preferably with a large Payr clamp, at 
the selected site. The broad crushed area is 
steadied on either side with two light occlusion 
clamps, and a long, straight needle of the darning 
type used by housewives is inserted by in-and-out 
bites through the whole thickness and width of 
the crushed bowel, keeping all the time hard up 
against the uncrushed part. The eye of the needle 





Fig. 1. 
Fig. 1. A, Clamp applied to bowel to be removed. B, 
Crushed bowel. 
Fig. 2. A, Scissors cutting 4% inch proximal to needle; 
B, clamp occluding end of bowel to be removed; C, needle 
in crushed bowel. 





is placed at the mesenteric border. A crushing 
clamp is applied below the needle, sufficient room 
being left for the bowel to be divided between 
them with scissors. As little as possible of the 
crushed tissue should project beyond the needle. 
The other site for division of gut is dealt with in 
exactly the same way and the injured or diseased 
portion loop is removed. The two bowel ends 
being now transfixed in their entire width are ap- 
proximated closely by tying the eyes of the needles 
at the mesenteric margin together tightly, leaving 
the silk long, and by apposing the points of the 
needles at the antimesenteric margin with a pair of 
artery forceps. The bowel ends are thus accu- 
rately and conveniently controlled by this forceps. 
A continuous No. 0 catgut suture is started at the 
antimesenteric margin. On reaching the mesen- 
teric margin, the forceps grasping the needle 
points are gently tracted, thus inverting the edges 
at the so called dangerous angle so that the stitches 
can be well placed. The suture finishes where it 
started, but before the two ends are tied the 
needles are withdrawn by releasing the forceps 
and pulling on the silk stay. One or two inter- 
rupted sutures may be used to reinforce as seems 
necessary, or a further continuous Lembert may 
be used, but the single layer has been found per- 
fectly reliable. Digital manipulation confirms the 





Fig. 3. 

Fig. 3. A, Proximal portion of anastomosis; B, both 
needles pushed in right up to hilt and tied together at 
autimesenteric border; C, distal portion of anastomosis; 
D, Lembert suture uniting both sections of bowel; E. 
Spencer Wells securing ends of needles. 
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patency of the lumen. The mesentery is approxi- 
mated by tying corresponding silk ligature to- 
gether. Any small defects can be quickly repaired 
with an interrupted suture. 

I have done only g cases using this method, but 


the results have been entirely satisfactory. Some 
of my colleagues who have also used the technique 
endorse this statement. I feel that this technique 
is much less likely to cause diaphragm obstruction 
than any other I have used or seen described. 


THE EFFECT OF SPINAL ANESTHESIA ON THE MOTILITY 
OF THE SMALL INTESTINE 
J. D. HELM, Jr., M.D., and F. J. INGELFINGER, M.D., Boston, Massachusetts 


PINAL anesthesia is generally believed to 
stimulate intestinal motility. This effect 
has been noted both clinically and experi- 
mentally under a variety of conditions, 

but the results have not been wholly consistent. 
Our observations show that under actual operat- 
ing conditions, spinal anesthesia has little effect on 
the motor activity of the intact human small 
intestine. 


MATERIAL AND METHODS 


The subjects were patients from the surgical 
wards of the Massachusetts Memorial Hospitals. 
Studies were made before and during 11 abdom- 
inal operations on 10 subjects. Six were admitted 
for resection of colonic neoplasms, 2 for diverticu- 
litis with obstruction, 1 for exploration of a retro- 
peritoneal mass, 1 for hysterectomy, and 1 for 
resection of a congenital megacolon. 

Preoperative intubation was carried out accord- 
ing to the technique of Miller and Abbott (18) 
and records of the small intestinal activity were 
taken by the method of Ingelfinger and Abbott 
(14). The recording balloon was in the low 
jejunum in 2 cases, and in the mid-ileum in 9. 
Control records were taken at the time of intuba- 
tion and at various times before the operation. 
Records were obtained from the time the patient 
entered the operating room and were continued 
during the induction of spinal anesthesia and 
during the operation. In several instances we were 
forced to stop the records when supplemental 
inhalation anesthesia was necessary. 

The records were analyzed with respect to the 
tone of the intestine (as indicated by the volume 
of the balloon) and the frequency and amplitude 
of the small (S) and large (L) contraction waves. 


From the Evans Memorial, Massachusetts Memorial Hospi- 
tals, and the Department of Medicine, Boston University School 
of Medicine. 


All subjects received preoperative medication, 
consisting of morphine sulfate 10 milligrams sub- 
cutaneously, scopolamine o.3 milligram subcuta- 
neously, and nembutal o.t gram by mouth. 
Immediately before lumbar puncture, o.o50 gram 
ephedrine sulfate and o.o10 gram novocain were 
given subcutaneously. Spinal anesthesia con- 
sisted of 0.016 or 0.017 gram of pontocaine given 
intrathecally with 10 per cent dextrose. The level 
of anesthesia extended to sixth thoracic for the 
hysterectomy; in each of the other operations, it 
reached to the 4th or 5th thoracic. 


RESULTS 


In g instances, the patients arrived in the oper- 
ating room approximately 1 hour after receiving 
their premedication. In these cases, of which 
Figure 1 is representative, the induction of spinal 
anesthesia was followed by a slight, progressive 
drop in tone in 5 records, and no change occurred 
in 4. 

One patient received her medication upon ar- 
rival in the operating room. As is apparent in 
Figure 2, the typical morphine effect on intestinal 
motility had progressed to the stage of inhibition 
when the spinal anesthesia was administered. 

One patient received morphine and scopola- 
mine 3% hours before spinal anesthesia was given. 
Of all the subjects, she alone exhibited an increase 
in intestinal motility (Fig. 3). This increase 
occurred in two periods which began 12 and 40 
minutes after spinal anesthesia was given, and 
which persisted for 12 minutes each. The in- 
creased tone reduced the volume of the balloon © 
from 39 to 22 cubic centimeters, and the average 
amplitude of the S waves increased from 0.5 to 
3.0 millimeters. ° 

In 4 patients, after the abdomen was opened 
and the intestine manipulated, wave activity 
ceased entirely, and the tone decreased slightly 
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Fig. 1. Morphine sulfate (10 mgm. subcutaneously) and scopolamine (0.3 mgm. 
subcutaneously) were given 70 minutes before induction of anesthesia. The deflection 
at 3 minutes is a calibration, the one at 544 minutes an artefact produced by moving 
the patient. Note the cessation of recordable activity when the intestine was handled. 


(Fig. 1). In the other cases, the tone decreased in 
4 and remained unchanged in 3. The S waves 
showed inconstant changes, their amplitude de- 
creasing in 4, remaining unchanged in 1, and 
increasing in 2 cases. 


EVALUATION OF STUDY 


This is not a pure pharmacological study, but a 
practical one, showing the influence of usual sur- 
gical procedure (preoperative medication, spinal 
anesthesia, laparotomy, and handling of the gut) 
on the human small intestine. 

In all of our patients, intestinal activity ap- 
peared to be inhibited by the preoperative medi- 
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Fig. 2. In this case, the preoperative medication (mor- 
phine sulfate, 10 mgm., subcutaneously; 0.3 mgm. sco- 
polamine subcutaneously; 0.1 gm. nembutal by mouth) 
was given only 12 minutes before the spinal anesthesia. 
The intestinal reaction between 5 and 15 minutes is es- 
sentially a typical morphine effect. 


cation of morphine and scopolamine. The liter- 
ature on the intestinal effects of morphine is con- 
tradictory, but in our experience the findings of 
Abbott and Pendergrass (2) that morphine causes 
a transient stimulation and a subsequent pro- 
longed depression of the human small bowel can 
be obtained so consistently that we have used this 
experiment for classroom demonstration. The 
same results apparently can be obtained in ani- 
mals, if the intestinal loops are left in continuity 
(12), a method which simulates the normal condi- 
tions under which Abbott and Pendergrass made 
their observations. The depressed tone and wave 
pattern which occurred in our patients following 
the preoperative medication can therefore be 
ascribed to the combined effect of morphine and 
scopolamine (11, 13). We do not believe that the 
oral nembutal (6) or the subcutaneous ephedrine 
sulfate (23) influenced the motility to any degree. 

Spinal anesthesia had little or no effect on the 
intestinal motor activity of our subjects. The 
main reasons for this finding,- which is somewhat 
at variance with previous reports, are probably 
two: (1) the effects of spinal anesthesia were 
counteracted by the preoperative medication; and 
(2) our method differed from that previously used 
in man. That some drugs may inhibit the effect 
of chemical section of the bowel’s adrenergic 
nerves has been noted by others. Domenech (10) 
found intestinal hypermotility induced by spinal 
anesthesia in dogs to be inhibited by atropine and 
chloroform; and Ochsner, Gage, and Cutting (109) 
observed that splanchnic anesthesia counteracted 
physiological ileus in barbitalized dogs, but not in 
an etherized animal. The hypothesis that the 
preoperative medication counteracted the spinal 
anesthesia in our subjects is supported by the 
increased motility shown in Figure 3, for in this 
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Fig. 3. In this case, morphine and scopolamine were given 3'4 hours before the 
spinal anesthesia. A definite increase in motility began 12 minutes after the anesthesia. 
The onset of this increase appeared to coincide with strong digital examination of a 


colostomy. 


case 314 hours elapsed between the medication 
and the anesthesia. If it is true that the rather 
moderate doses of morphine and scopolamine 
given 1 hour before lumbar puncture account for 
the negligible effect of spinal anesthesia, one may 
suggest that chemical interruption of the sympa- 
thetic pathways to the bowel is not a very potent 
means of exciting peristalsis in a bowel rendered 
atonic by an inhibition of cholinergic stimuli. On 
the other hand, our experiments do not negate the 
possibility that spinal anesthesia counteracts in- 
testinal atony exclusively produced by adrenergic 
overactivity. 

In experimental animals, spinal anesthesia has 
been shown to increase intestinal motility, both by 
balloon records taken from Thiery-Vella loops (7) 
and by records obtained from nondistended loops 
in continuity with the rest of the bowel (12). If 
paralytic ileus is produced by chemical or trau- 
matic irritation of the peritoneum, spinal or 
splanchnic anesthesia is often followed by a re- 
appearance of peristalsis and by an increase of 
tone (15, 19). 

In man the evidence has been more indirect. 
The original report by Mayer (16) that patients 
under spinal anesthesia often expelled copious 
quantities of flatus and feces, was followed by a 
number of case reports advocating spinal anesthe- 
sia in the treatment of paralytic ileus (21), spastic 
ileus (3, 17), and Hirschsprung’s disease (20). 
The fact that in these cases distention was re- 
lieved, feces expelled, or barium moved along the 
gut cannot be taken as unequivocal evidence of 
increased intestinal motor activity. The trans- 


port of the bowél’s contents may have been 
effected by integrating the motility of adjoining 
intestinal segments or by releasing areas of ob- 
structive spasm. It is furthermore difficult to 
ascertain by clinical observation which part of the 
alimentary tract is affected by spinal anesthesia. 

In our experiments, the use of a balloon kymo- 
graph system permitted direct recording of the 
activity of the intact human small intestine. 
Admittedly, a balloon within the intestinal lumen 
stimulates motility, and records obtained by this 
method do not give any indication of the activity 
of an empty bowel. On the other hand, balloon 
methods simulate the conditions which prevail 
when the bowel is moderately distended, particu- 
larly if the pressures within the balloon do not 
greatly exceed normal intraenteric pressures (1). 

The nature of our methods and our material 
permits the conclusion that the small bowel’s 
ability to resist distention is not increased by 
giving spinal anesthesia to patients who have 
received the usual preoperative medication. By 
inference it is suggested that spinal anesthesia 
cannot be expected to be very efficacious in the 
treatment of paralytic ileus if the patient previ- 
ously has received drugs like morphine or atro- 
pine. 

The opening of the abdomen and manipulation 
of the intestine produced a further decrease in 
intestinal motility, an effect which is well recog- 
nized (4, 5, 8, 9, 22). In our cases, this further 
decrease was slight but suggested that spinal 
anesthesia was not abolishing all inhibiting influ- 
ences on the bowel. 
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SUMMARY 


Balloon kymograph records of the motility of 
the human small intestine were taken before and 
during 11 abdominal operations. 

In patients receiving the usual preoperative 
medication, spinal anesthesia did not increase the 
ability of the small bowel to contract against a 
mild distending force. 

The results suggest that under certain condi- 
tions spinal anesthesia is not a very potent means 
of stimulating human small intestinal motility, 
and futhermore that its effect on the small bowel 
is abolished by moderate doses of morphine and 
scopolamine. 
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TREATMENT OF URINARY 
INFECTIONS OF CHILDHOOD 


HE recognition that bacteria are the 

cause of urinary infections pene- 

trated rather slowly into the practice 
of pediatrics and urology. The first micro- 
organism causing a urinary infection of child- 
hood was isolated by Escherich; it was a colon 
bacillus which under the accepted bacterio- 
logic nomenclature goes by the name of 
Escherichia coli. 

Later it became evident that a number of 
bacteria can produce infections of the urinary 
tract, that these bacteria differ in their sus- 
ceptibility to various antiseptics, and that 
different strains of the same micro-organism 
may do so. 

Earlier, acidification and alkalinization of 
the urine had been advocated by Bokai for the 
treatment of pyelitis of children. The reac- 
tion of the urine was measured by means of 
litmus as indicator. Such crude determina- 
tions were found inadequate. With the aid of 
the determination of the hydrogen ion con- 


centration, it was shown that a pH of 4.6 on 
the acid side and a fH of 9.0 on the alkaline 
side were necessary to sterilize a urine infected 
with a given colon bacillus. Such reactions 
are hardly obtainable in vivo. With the intro- 
duction of methenamine (urotropin) as uri- 
nary antiseptic the importance of the hydrogen 
ion concentration in the urine became em- 
phasized. Methenamine itself is without bac- 
tericidal power; but when the hydrogen ion 
concentration falls to a pH of 5.5 or less, 
formaldehyde is liberated and displays bac- 
tericidal potency. 

Often no attention was paid to this neces- 
sity of acidifying the urine sufficiently and 
then the medication was not successful. With 
acidification the dosage required produced 
irritation of the bladder in some cases, with 
hematuria. 

From 1894 to 1931 numerous urinary anti- 
septics were introduced, such as pheny] sali- 
cylate (salol), pyridine, hexylresorcinol, and 
many others, none of which, in carefully con- 
trolled clinical tests, displaced methenamine, 
which remained the best urinary antiseptic of 
the time. Properly used, it is still a very use- 
ful drug, in any type of infection. 

Helmholz and Clark introduced the keto- 
genic diet for the treatment of urinary infec- 
tions. Betaoxybutyric acid is excreted by the 
human kidney in high enough concentrations 
to sterilize the urine when it has the proper 
pH. The lower the pH, the lower is the con- 
centration of the acid necessary to kill bac- 
teria. So with a urine of pH 5.0, 0.25 per cent 
of betaoxybutyric acid is bactericidal; at pH 
6.0, 2.5 per cent and at pH 7.0, 25 per cent 
are bactericidal. A pH of from 5 to 5.5 and 
a concentration of 1 per cent of the organic 
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acid are readily obtainable; therefore one can 
easily obtain a bactericidal urine which affects 
all the bacteria found in acute urinary 
infections. 

The introduction of mandelic acid by 
Rosenheim made it possible to give an organic 
acid by mouth, rather than to produce it by a 
high fat diet. Mandelic acid, too, is bacteri- 
cidal only at a fH of 5.5 or less in concentra- 
tions in the urine which can be achieved 
without danger of renal irritation. 

With all three drugs it is necessary to have 
a certain concentration of the drug in the 
urine, as well as a definite pH. These three 
drugs can be used successfully in all infections 
in which the kidney can secrete a urine of low 
pH together with a sufficiently high concen- 
tration of the drug. They are of no value when 
the kidneys are damaged and cannot perform 
these functions, and also in cases in which a 
‘ strongly ammoniacal urine is produced by 
urea-splitting bacteria. 

A further handicap to treatment is that the 
~H of the urine must be controlled, and this 
is not always easy, although the method of 
testing it with nitrazine paper is simple 
enough. 

The most recent addition to the group of 
urinary antiseptics is the sulfonamide com- 
pounds. Their rapid excretion even by the 
damaged kidney, their action in acid and 
alkaline urine, and their bactericidal action 
when given in small amounts that are not 


likely to produce renal damage, make them 
the urinary antiseptic of choice. However, 
the great drawback of the entire group is their 
lack of action on Streptococcus faecalis in- 
fections. 

This has introduced for the first time the 
absolute necessity of determining the nature 
of the infection. Hitherto certain bacteria 
might be slightly more resistant than others 
but could be got rid of by slightly Jonger 
treatment or by increasing the dosage. Strep- 
tococcus faecalis grows luxuriantly in urine 
containing one of the sulfonamide compounds 
in concentrations which will kill off the usual 
gram-negative bacilli.’ Since the introduction 
of the sulfonamide compounds it has been 
realized how frequently mixed infections of 
gram-negative bacilli and Streptococcus fae- 
calis exist; initial cultures may show ap- 
parently pure cultures of gram-negative 
bacilli but after several days’ treatment with 
one of these drugs pure cultures of Strepto- 
coccus faecalis may be found. 

Of the sulfonamide compounds, sulfathia- 
zole or sulfadiazine is the drug of choice in 
all but Streptococcus faecalis infections. In 
Streptococcus faecalis infections mandelic 
acid is the drug of choice. This leaves with- 
out adequate treatment only infections with 
Streptococcus faecalis in patients who have 
damaged kidneys, since neither the required 
pH nor the required concentration may be 
obtainable. Henry F. HELMuHotz. 
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REVIEWS OF 


ELL’S Textbook of Pathology! has undergone 
several revisions since the first edition was pub- 
lished in 1930, and was last reviewed in these 

columns in the second edition in 1935. It was 
originally a work of collaboration by members of 
the faculty of the University of Minnesota, includ- 
ing E. T. Bell, B. J. Clawson, Hal Downey, J. S. 
McCartney and C. J. Watson. 

The chapter on diseases of the urinary system was 
thoroughly revised in the fourth edition. The chap- 
ters on renal disease remain essentially unchanged 
in the fifth edition and are probably the best to be 
found in any textbook. Two new color plates have 
been added to this section illustrating by photo- 
micrographs of the glomeruli, various phases of 
glomerulonephritis. Although the plates adequately 
demonstrate the lesions, one might conceive that 
students who are accustomed to seeing blue nuclei 
against a red background might find it difficult to 
interpret the reversal of colors in these plates, 
especially since the method of staining is not re- 
corded. Similar photomicrographs of glomeruli in 
black and white are included in the text which are 
equally clear, if not more so. 

The book is unusually well illustrated, containing 
448 engravings and 4 color plates. Fifteen older 
illustrations have been removed and 32 new ones 
added in the fifth edition. All are of uniform excel- 
lence both in regard to choice of material and clarity 
of detail, and many of them are not to be found else- 
where. In keeping with the spirit of the volume, 
they give the maximum information for the space 
they occupy. Brief additions have been made to the 
subjects of shock, vitamin deficiencies, blast in- 
juries, Boeck’s sarcoid and several infectious diseases 
related to war medicine, to bring these up to date. 
The paper in this edition is thinner and less heavily 
coated than in previous editions; however, it is of 
good quality and adequately displays the illustra- 
tions. The use of narrower margins and lighter 
paper do not detract from the appearance of the 
book and might be considered- an improvement in 
reducing the bulk of the volume. 

The material on general pathology is well handled, 
and adequate space is given to the physiology, his- 
tology, and anatomical anomalies of the organs at 
the head of each chapter in the section on special 
pathology. Practical clinical observations are 
numerous. Of particular interest to the clinician 
are Bell’s outline of the clinical diagnosis of breast 
tumors and an excellent brief discussion of the 
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NEW BOOKS 


value of the biopsy and how it should be performed. 

Occasional minor typographical errors were noted: 
“Sebrell” is misspelled twice on page 44, “lym- 
phocytic”’ is misspelled in the subtitle on page sor, 
“plasmacytoma” is misspelled twice on page 324 and 
the wrong page reference is given in the index under 
Cushing’s Syndrome. 

In spite of the brevity of the paragraphs, one is 
constantly surprised at the amount of factual, useful 
information which has been incorporated into so 
small a volume. The book is practical, concise, and 
objective; and the material is presented in a clear 
logical outlined form. Well chosen references are 
conveniently included in the text, with titles to 
facilitate their use. The book is highly recom- 
mended to the student and practicing physician, 
both for study and reference. 

Donatp O. MANSHARDT. 


N writing his book? Dr. Christopher has performed 

a most useful service for the medical student, the 
surgical interne, the general practitioner, and the 
experienced surgeon. He has, moreover, provided 
an example that can be emulated with profit by 
those who have in mind the writing of medical text- 
books. This reviewer began the reading of the one 
thousand page volume entitled Minor Surgery with 
misgiving, continued with increasing interest, and 
finished with enthusiasm. The secret lies not in the 
skillful writing, the detailed and authoritative dis- 
cussion of thousands of surgical problems, but in the 


_method. In the preface the author modestly states 


‘‘_no one man can any longer be experienced in and 
informed regarding the entire field of surgery. Ac- 
cordingly, a thorough and painstaking analysis of 
thousands of current surgical articles has been made 
and the most valuable material condensed and 
made readily available. Many direct quotations are 
used because they offer the most accurate method of 
presenting the ideas of surgical experts and authori- 
ties and because they furnish the fairest method of 
giving these men credit for their work.” All this is 
true but more is accomplished. No better way could 
be devised for introducing the medical student to 
the best surgeons of the day, their best work, and 
their sometimes divergent views regarding surgical 
practice. Independent thinking is thus stimulated, 
the basis of surgical research made evident, and any 
tendency to dogmatism nipped in the bud. 

The survey of current surgical literature has in- 
deed been thorough, and the first six chapters 


2Mrinor Surcery. By Frederick Christopher, $.B., M.D., F.A.C.S 
sth ed. Philadelphia and London: W. B. Saunders Co., 1944. 
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present the best picture of modern ideas and methods 
in the treatment of wounds and burns that is avail- 
able. There follow chapters on circulatory dis- 
turbances and gangrene, injuries and infections of 
the head and neck, tumors, diseases of the geni- 
tourinary organs, anal canal and rectum, and in- 
juries and infections of the extremities. The chap- 
ters on preoperative and postoperative care are of 
especial value. Detailed instruction is provided on 
water and mineral balance, the nutrition of the 
surgical patient, the prevention and treatment of 
surgical shock, and of the more common postopera- 
tive complications. The concluding chapter is de- 
voted to the surgical interne and contains much 
practical instruction that is all too often overlooked. 
This is the best book in its field. 
LESTER R. DRAGSTEDT. 


HE manual by Alfred de Lorimier on roentgen 
diagnosis of the arthropathies! presents a rather 


1Tue ARTHROPATHIES; A HANDBOOK OF ROENTGEN DraGnosis. By 
ies A. de Lorimier, A.B., M.A., M.D. Chicago: Year Book Publishers, 
nc., 1943. 
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unique method of approach, with emphasis on visual 
education instruction. The arthropathies are di- 
vided into the osteoarthropathies and the true 
arthritides, the former associated with stress, the 
latter with protein reaction, toxic or bacterial inva- 
sion. 

These general heads are subdivided into closely 
related groups. Each chapter covers a group, 
beginning with a list of synonyms, then giving a 
description of the roentgen findings, early and 
late stages, and especially the soft tissue reaction. 
Then the author discusses the corroborative roent- 
gen findings, and makes concise remarks on inci- 
dence, age, sex, usual sites of involvement, and occa- 
sionally brief mention of history, physical findings, 
and clinical course. Each chapter ends with a well 
selected group of references. 

The numerous illustrations are excellently re- 
produced, the only feature meriting any criticism 
being the somewhat absurdly devious linear mark- 
ings ending in arrows which point to the important 
phases of each roentgenogram. 

James T. CASE, 
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